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Abstract 


This study is concerned with the existence of economies 
of scale in the production of data processing and other 
computing services, and the possible regulatory and public 
policy implications of such economies. 


The rapid development of the technology of computation 
since the Second World War has raised many questions as to 
the supervision by public authorities of the use and 
progress of this technology. A study was initiated by the 
Federal Communications Commission in 1966 in an effort to 
consider that Commission's role in the production and 
distribution of computing services where the use of 
communications facilities, supplied by regulated carriers, 
forms an integral part of the computing system. The present 
investigation is concerned with the production of computing 
services per se; the direction that public policy takes will 
be greatly dependent upon the nature of the production of 
computing services, and perhaps secondarily upon the 
interdependence between computer systems and the 
communications suppliers. 


The relative economies of the use of large computing 
systems have been known for some time, in terms of the 
relationship between some measure of the quantity of output 
of a machine and its cost. Indeed, it is demonstrated here 
that, when one considers, in addition to the cost of the 
computer hardware itself, the various categories of 
operating expenses associated with a computer installation, 
the relative advantages of large facilities become even more 
significant. 


*This report reproduces a thesis of the same title 
submitted to the Alfred P. Sloan School of Management, 
Massachusetts Institute of Technology, in partial: 
fulfillment of the requirements for the degree of 
Doctor of Philosophy, June 1969. 
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_ to mitigate such shared use. “should he | requ 
Public utility. status would. be .indicated only. if. the. costs 


Yet the evidence would seem to. indicate that, despite 
these apparent efficiencies of large systems, the 
overwhelming majority of installed computers were generally 
fairly small operations. In an attempt to “determine whether 
actual experience of users was that, ‘all things -gonsidered, 
there were no true economies of large size, an analysis was 
made of data on nearly 10,000 computers installed at firms 
in manufacturing industries, using the survival technique, 
which uses market experience as a basis for studying levels 
of optimum plant size. The results of this analysis 
suggested that users did operate - ‘Gomputers as. if there were 


significant economies Of scale in “their. use. 


None of the evidence, in ‘fact, suggested that even the 
largest size system available today is the most efficient 
possible size of "plant"; hence, the key implication for the 
formulation of regulatory policy toward the computer is that 
such policy should encourage, to the greatest possible — 
extent, the shared use of large ‘systems by those who require 
computing services. Those barriers | ‘that do ‘exist which tend 


ied or ‘eliminated. 


associated with shared computer use. --distxibutian, software 
development, system overhead and administration - are less 


than the potential direct savings resulting ‘from use of 
“Large systems. © ‘This is at least as ‘much a technological 


problem as it is regulatory; ‘the’ future “OF ‘the computer 
utility concept will thus be. dependent, Japon the degree to 
which technology can reduce costs in. these sategories. 
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CHAPTER ONE 
COMPUTERS AND PUBLIC POLICY 


INTRODUCTION 

Much discusston fs presently taking place regarding the 
issue of possible regulation of computer services as a 
"public utility" in a manner similar to that characteristic 
of the electric power, gas, transportation and 
communications industries. This study is concerned with one 
possible basis for such regulation - the existence of 
significant economies of scale in the production of 
computing services. 

A general background of the various issues Involved is 
presented in this chapter. Chapter two examines the direct 
operating cost side of the production of computing services, 
and concludes that there are definite economies In the use 
of large size facilities, although various Institutlonal and 
technological factors may prevent end-users from taking full 
advantage of them. 

tn an attempt to determine the extent of economies of 
scale in practice, an analysis was made of computer usage 
patterns fn manufacturing Industries. The results of this 
study, which are reported In Chapter three, do indeed 
suggest the existence of noticable economies of scale in the 


production of computing services. Indeed, it Is concluded 
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that the optimum size of computer plant may be greater than 
even the targest machines in use today, Hence, Chapter four 
concludes the study by suggesting that public policy should 
be directed toward reduction of the barrklers that tend to 
prevent use of larger more efficient systems by groups of 
individual users. However, it is pointed out that there are 
costs associated with multi-user sharing of a large system 
that may not be present when such a system Is operated by 
and for only one user organization. These costs must be 
Tess than the advantages assoclated with the large systems 
in order not to merely offset an economy with a diseconomy 


in the use of large facilities. 


BACKGROUND OF THE PROBLEM 

tn November, 1966 the Federal Communications. .Commission 
announced that [its Common Carrier Bureau was, undertaking an 
extensive inquiry aimed at determining what, If .any, | 
interdependencies. exist between the computer. and . 
communications industries, and to what extent, if any, such 
interdependence warrants regulatory action by the Commission 
or some other regulatory body. (1) > 

The "Computer Inquiry," as Lt Is commonly called, was 
given impetus as a result of several significant 
developments In the technology of Information processing in 
recent years. Since the Secand World War, when military 
requirements resulted In the first really important 


innovations in the development of computing machinery, the 
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extent to which such devices have taken up key positions in 
the economic, social and political life of this country has 
been quite remarkable, exosciaiiy when one considers that 
all of this happened In less than two decades. 

As the computer's role in the nation's life has assumed 
greater import, sq too has the need for sound public policy 
towards the machine, and Its Implementation on a fairly 
general level, become more urgent. Although there is, 
today, a considerable amount of Interest In the problem of 
public policy formulation covering the. technology of data 
processing, much of [It has been stimulated by the 
aforementioned FCC study. As a result, the questions 
currently being considered by those studying the overall! 
issues of public policy toward data processing have. been 
those raised by the Commisston. (2-6) 

The intrinsic importance of the questions raised by the 

Commission cannot be underrated; however, in a sense they do 
stem from perhaps the wrong direction. The regulatory 
implications of the Interdependence between computer systems 
and communications companies forms but one aspect of the 
overall issue of public policy toward the computer. 
(Another Issue of at least equal importance is the matter of 
personal privacy protection from potentially uncontrollable 
computer-based data banks of the Orwellian variety.) Others 
include such anti-trust matters as company size, market 


share and marketing practices; such technical issues as 
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programming language standardization, machine specification 
and design standardization; and of course the issue of 
privacy raised by the possibility of the Federal Government 
installing and maintaining a "National Data Bank" covering 
all individuals and organizations. The communication 
issues, as raised by the FCC, do have some particular 
significance Insofar as one key development in eSaputer 
technology is concerned: the remote access, time-shared 
computer system. Such facilities provide for simultaneous 
usage of large computing systems by a number of Individual 
users, often doing a number of individual, and different, 
things, all connected directly to the computer by 
telecommunications facilities usually supplied by a 
communications common carrier. 

The intrinsic importance of the time-shared computer Is 
that (a) it has the potential for making available to users 
of modest means a (possibly) large computer system at a ost 
that is based upon the quantity of service actually obtalned 
(7); (b) to the extent that there are economies of scale In 
the production of computing services, the shared use of 
computing facilities may bring down the average cost of 
computer usage; (c) extensive use of such seer ci can 
replace and to some extent render obsolete some portions of 
the installed communications plant now operated under 
exclusive franchise by communications carriers; and (d) 


because the computer's services may be "piped in" to the end 


13 


user's location via communications lines, the limit of 
possible application areas for such systems becomes bound 
only by man's imagination. 

In a sense, none of these attributes of -thne~shared 


computer systems are new to the comauter. fleid. A user of 


modest means could always purchase computing services. from a 


firm specificalty established to provide -them, -or from 
another user who did maintain: his own in-house computing 
facility. Shared use of karge machines might have enabled 
many individual users to obtain the benefits .of.-the -scale .. 


economies: In the operation of machines of this shze. - 


Computers have been slowly replacing many ‘conventional forms 


of communication, replacing written notes and noe words 
with specially designed messages that modi fy a ‘data hase. or 
cause some specific action to be taken. Finally, with the 
increased experfence In the use of computers, there would 
seem to be virtually no limit, even without remote eccess:. 
time-shared systems, to which this technology ‘could be | 
applied. ——- ee 

Hence the time-sharing development has not really 
created any new problems and ralsed any new questions - it 
has served to bring several dormant Issues out ‘Gate ‘the 
open. Time-sharing mainly Increases ‘the avallability ¢ of 


ao: 


computing machinery, and as “the computer becomes more 


a Ses 


avelleble, as it enters more areas of life, ‘the concerns 


over how tt should be controlled and regulated s multiply. 
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There are, In fact, two categorles of regulatory Issues 
that have been raised. One concerns various operating. 
practices of the computer Industry and computer end-users, 
and includes such fssues as techntcal standardizatton, 
personal privacy, sates practices of computer manufacturers, 
etc. The second set of issues, certainly not unretated to. 
the first but nonetheless itdentiflable as a-distirict prablem 
area, is the question of possible publ ke utithty status for 
suppliers of computing services, aloeng:simtiltar lines as 
practiced In the natural gas, electric :power,; transportatton 
and communicattons Industries. The study reported here was 


_principally concerned with the latter group of issues. 


NATURAL MONOPOLY AND THE PUBLIC UTILITY CONCEPT 

John Stuart MI11 observed in 18h that (a) gas and 
water service in London could be suppl ted at lower cost if 
the duplication of facilities by competitive firms were 
avoided, and (b) that An such circumstances, competition | was 
unstable and ideyi vably replaced by monopoly (8). Mit thus 
noted that, under certain conditions, the forces of market 


COR EENENOD would not result tn el ther the lowest possible 
cost or the best ‘service to the ‘community. The ‘cond! tions 
may be met when the production function for a given Indus try 
ts characterized by significant Tong-run decreasing average 
costs, I Oe, economt es of scale. Where production of goods: 


or services may be accomp!I shed at substantially. lower cost 


if done In large quantities, It is inevitable. that. Tateee. 7 
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sized firms will be able to produce and sell their output at 
lower cost, thereby driving out smaller producers. If, 
Instead of operating under a competitive environment, the 
industries characterized by economtes of scale were forced 
to operate under conditions of monopoly, then the potential 
duplication and waste resulting from competitton might be 
avoided. In its place, however, would be a monepol ist who 
could exact monopoly prices from the communlty “and engage [In 
other monopoly practices. Hence, some substitute for the 
forces of competition I's In order. ‘Such -a ‘substitute chas 
historically taken the form of some government regulatory 
body charged with the responsibility of safeguarding ‘the | 
public interest. Generally, such bodles ‘have permitted the 
"natural monopoly" to earn only a “reasonable return" on its 
Investment, fn exchange for an exclust ve franchise to serve 
the public with whatever type of service [t provides. 

The existence of substantial economies of scale is not 
a sufficient condition for. regulation, -however. One 
additional test that must be met Is that of necessity - the 
output of the firms [In the Industry must be necessary to the 
public good. (An Industry that has a See roast os: cost 
production function but does not produce a necessary good or 
service is, in effect, compet I ng with other Industries that 
produce non-necessary goods or services for the buyers! 
money, and, as a result, the public does not need to be. 


protected from possible ionepeliatic practices. a (8,9) 
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This study has, as its primary objective, the 
determination of the extent to which. the tradittonal concept 
of public utility regulation may be applted.to:the provision 
of computer services, To this end, the primary emphasis Is 
placed upon the question of the existence of significant 
economies of scale. 

it would be difficult for anyone to deny the fact that . 
computing services are necessary services; they have 
attained this status over the past two decades by the extent - 
to which computers have taken up. Important positions In so 
many aspects of social and business life. Lf computing 
services may be more efficiently supplied by a regulated, 
“natural monopoly" than by free competition, as Is the 
practice today, then public policy must be directed toward 
the creation of a natural monopoly status::-for computer | 
services. However, If such economies cannot be 
demonstrated, than public policy must safeguard the freedom 
of competition in the provision af such services by 
preventing any monopoly In part or all of -the.computer 


Industry from belng formed. 


THE COMPUTER SERVICE INDUSTRY . 

The “Computer Service Industry" Is defined, for the 
present study, as consisting of all "plants" that seduce: 
computing services. Such plants need not be independent - 
computer service firms, such as service bureaus or ee 


datacenters, although chase firms cartalhiy foun anct of the 
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industry as defined here. Ali computers, whether operated 
as in-house facilities by the end-user organization or by 
firms specifically Greantzed to supply such ‘services to 
others, constitute the computer service industry, 

This "Industry" is considered as Including all computer 
service-producing plants because In effect’ any: end-user of 
such services has, avallable to him, the option of either 
purchasing the required services from an outside suppiler or 
producing them with an In-house facility. Under this. | 
definition, at the end of 1968 there were some 58,000 plants 


producing computing services In the United States. (10) 


(1) 


(2) 


(3) 


(7) 


(8) 


(9) 
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CHAPTER TWO 
ECONOMICS OF COMPUTER SYSTEM OPERATION 


INTRODUCTION 

It has generally been asserted that there are certain 
economies associated with the use of large size data 
processing systems. The purpose of the present chapter Is 
to examine the relative validity of the varfous contentions 
made, and to provide a basis for an examinatton of the 
patterns of computer use In manufacturing Industries, the 
subject of Chapter three. dias ee : 

We consider first the previous work In this field = 
Grosch's Law and the research by Kntght on the subject of 
computer performance vs. cost. Next, ‘the results of an 
analysts of cost patterns of computer Installations tn the 
Federal Government is presented, with the conclusion that, — 
when one Includes tn the cost of operating a computing 
center all cost categortes, not just machine rent, the 
magnitude of the economles of scale become even more 
pronounced, Finally, this chapter constders several 
possible bases for (short-run) diseconomies that may exist 
in the provision of computing services, whlch may minimize 
the impact of the scale economies as reflected in the 


pattern of direct costs. 
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ECONOMIES OF SCALE §N COMPUTER HARDWARE 

In the late 1940's, Herbert Grosch proposed a 
relationship between hardware cost and quantity of 
computation that could be provided by the hardware. This. 
relationship, which has since become known as Grosch's Law, 
States that. | 

Computing Power = C * ( System cost en A (1) 
where C is a constant determined by the level of 
technological development. een 
Thus, according to Grasch's Law, It would be possible to 
obtain a computer with four times the "power" at.only about: 
twice the cost. _ a oe ae : 7 2 | 

Kenneth E. Knight sought to consider the implications 
of this relationship in light of changes in technology. 
(1,2) “Certainly, it was true that newer computer models: 
were often more costly, and substantially more powerful, 
than thelr predecessors. Knight's findings were that indeed 
Grosch's Law was still valld, even under condi tions of 
changing technology, By. holding technology constant by. 
considering all models introduced In any one year 
seperately, knight determined that the exponent was more 
like 2.5 for scientific applications and 3.1 for commercial 
applications, (2, pe 35). . | . | 

It ts not clear, of course, whether or not the prices 
of computers reflect costs of development and production, or 


whether or not the computer manufacturers consclously 


Beg EER ay th RG ESR ert 
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establish prices for their: products #n accordance. with some 
relationship of this type. However, to “the: extent that. 
there are now a fairly large numberof .hardware system — 
suppliers, one might be willing to discount any overt 
pricing decision based upon Bent snmenes rather than cost. 
(Although it is certainty valid ‘that, within a ‘single 
manufacturer’ s product IIne price is based “upon relative 
performance, to at least some extent.) _ . | 

Besides the direct, somewhat ‘measurable ‘economies 
preposes. by Knight, there may be “certain other . economies 


es ether 


associated with relatively large systems that are noe. 


generally aval lable In the smal ler models. “This. is a ‘result 


i. 


of the development of the ‘techni ques of multiprogranming and 


an re eae 


ke 


multi processing. Any given program being. executed on a 


computer will, at varlous times, “require use of different, 


be: a: Manes as Rolie 


components associated with the computer ater 


Traditionally, when one component was in use by the program, 


the athers would remain Idle. (The computer had a as 


"one-track" welnd, concerning Itself with “but one ‘thing, ata 


Titegene af 


time.) However, it is now possible for ‘several programs to 


o ys 


f3 


be run on a machine simul taneous ly, either via a ‘batch 


> i 2 re 


Srodesstng or “remote access ‘time-sharing operation. “Under 


such a procedure, when any one program Is using one 


component and leaving the others, idle, these might be made 


available to other programs, “thereby Increasing overall 


system throughput. oe seourses. there are costs associated 


peek 
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with this procedure, and these: must be-wetghed: against the --:- 


benefits. tn general, the: larger. the machine, the greater 
the opportunity for savings under a mulitiprogramming 


environment. 


ECONOMIES OF SYSTEM OPERATION 
Hardware costs represent, however, only one part of 


total costs: incurred tn the course of running a “computer 


Installation. Other cost categories Include Sori oneral 


devices, keypunching and other data collection eetIvitles, 


Fo OY a ft 


Srogranmine support personnel, ‘system management personnel, 


physical site facilities, air condi tioning, maintenance, 


ere me ge 


magnetic tapes and disk packs, and expendable supplies : such 
as punched cards, continuous forms, and the Uke. in. 


general, these costs wil rise. as “hardware cost rises, since 


“> » 2 me we 
ghied bbe 


a larger operation ‘ts needed to Support: a larger size 
machine. To determine the peace Aatute. of the relationship 


between. computer system rental and focal operating costs, we 


oF. roe rite PY = 


analyzed cost data on 1, 039 computer Installations fe 


BG ‘ney “$Y 


service within the Federal Government, In both civilian and 


military. establishments. Interestingly | (and somewhat . 
surprisingly) it was discovered ‘that, at ‘Teast within. ‘the 
Federal Government, the rate of Increase in overall, | 
operating expenses Is slower than the rate of Increase An 
hardware system rent. This would suggest that, despite the 


Increased staff and operating facilities required to support: =? 


a large system, and despite the ékponentially inereaaine 
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capabilities of larger systems, the average total cost per 
unit of computation decreases even faster :.when all expenses 
are considered than when only hardware rent is considered, 

The analysis revealed the following relationship 
between rent (R) and total operating expenses (X): 

In (X) = 1.9016 + .7657 In €R) (2) 

Table ti-1 presents a summary of average rent and. 
operating expenses for Federal Government. instal lations 
divided into eight size classes. Same of these 
Installattons may contain several different computer 
systems. The curve that was fitted to these data is 
plotted, along with the actual data BOT OES: in Chart thet. 

The same analyels was made for Federal Government 
installations with two or fewer computer systems, ia. an ie 
attempt to Isolate the operating costs of ‘running a single 
Installation. Cin Installations with two systems, ‘one Is 
most often operated as a satellite of the other, usually 
larger, system.) Here the rate of decline of total 
operating expenses versus har#dware system rent was even 
faster than in the previous case, suggesting aeatn that the 
number of systems may be of just as much significance as the 
size of the system in determining the amount of operating 
expenses required. These results are presented in Table 
t!-2 and Chart Nees (Details of both regression analyses 


are presented in Table t!-3.) 
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The direct applicability of the data on computer 
Installations In the Federal Government to commercial, 
non-government operation may be subject to some question, 
Indeed, there are several differences In Federal Government 
accounting practices vis-a«vis commercial: practices that may 
alter the magnitudes of the costs reported: “These are 
considered: {n somewhat more detafl in the: Appendix. 

However, it is quite unlikely that anycdifferences are other 
than in the magnitudes of the figures: Involved, and the 
basic trend that was uncovered from this data. is probably 


quite valid generally. 


KNOWN DISECONOMIES TN COMPUTER OPERATION 

The cost figures presented by Kat ght and by the ‘author 
are deficient In that ‘they generally refer to directly 
applicable cost categories that are charged ¢ directly to 
computing center operation, and within that to routine 
operation. In fact, this is not sufficient ibeccuse the, 
computer directly affects many other categories oF costs” 
within an organization, —_— aoa 

Certainly, some of these other cost categories ought to. 
have very little to do with the relative size of the . 
computing system, but may be affected by the results, or 
output, of the computer’ s ‘operation. — However, ‘certain other 


costs are more directly affected, and. these are considered 


here. 
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Control over Computer Operations. Many end-users of. 
computer systems consider It essential that they be. able to 
control the activities of the computer. i Wetadlaciony hence: 
they demand that the computer they use’ be an in-house 
facility. There may be several reasons for-this feeling, -— 
some of which may have greater validity than others: first,. 
to the extent that the computer 1s still) a novelty in many 


facets of Industrial activity, there 1s. en important: element | 


of prestige associated with having one’s own: system, without: :- 


having to deal with some outside: suppiter. Then there ts. 


the contern over security of the data: ft les: maintained by” 
the machine, and the belief: that: such: security touwld not: be. 


guaranteed were the organization to contract with some other: 


source for computing: services. Theretis also the desire.to — 


have the computer avatiable on’ a priority besides when needed, .- 


something which a service sureaw might net: be abie-to. 
guarantee, tm any: event, whatever: the validity. of® these. ~~ 
reasons, many end-tsers have’ been of the: view that, since - - 
the cost of the computer was ‘such a shall part of: total 
company expenses, and, since the: cost: of: the: mach! ne was 
possibly justified on the: basis ef perhaps onty one - - 
application, there was no reason to de. concerned about 
saving some money and sharing-@ larger machine with: other 


firms, some of whom might even: be competitors, ~ 


General use of large size, more efficient machines: is. 
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mitigated by the existence of certain technological and 
institutional factors In the computer service industry. 
First, virtually every computer application in existence, 
and there are perhaps over 100,000 distinct applications In 
operation, is unique to at least some degree. Even the most 
common, pedestrian applications, such-as payroll accounting, 
accounts receivable billing and accounts payable. processing, 
are usually designed especially for the end-user firm. 
Moreover, once a user has. committed resources to the 
development of an application program.package for. one 
machine type, he often. must amortize this. lavestment over a 
certain time period, Irrespective of other economies of | 


routine operation that he might. realize: by. a switch to. some 


other model. Such a process is often cestly and.is not done .. 


without considerable justification.Iin: most: instances. 

Two opposing forces have been developing that might 
perhaps modify this situation in time. One is.the fact that 
newly developed applications are often far more complex, and 
hence far more expensive to implement, than previously 
existing uses. However, at the same time, new developments 
in software may make the development. of. new applications, 
and the conversion of old ones to different machines, a less 
arduous task. A new software Industry Is only now beginning 
to pass along economies of software development to Its 
clients by, In effect, sharing development costs. of a 


package among several of them. The software firm writes the 
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basic programs ina fairly machine-Independent format, and 
then implements the program Individually on each client's 
system. In the past, end-users usually wrote their own 
applications programs from scratch, since there was no easy 
means of modifying a preexisting program without, In many 
cases, pirating the programmers from the organization where 
it was written. 

Standardization. There is relatively little of 
significance In the way of standardization within the 
computer manufacturing Industry. Programs written on one 
machine will usually not run on a. machine of some. other 
type; indeed the program may not -even run on another machine 
of the same type! On the software. side, programming 
languages have achieved some degree of standardization, but 
the standard is rarely tmplemented on a widespread basis. A 
case in point Is the.ASA Standard FORTRAN tV language 
specifications, which seek to provide.a uniform language for 
all FORTRAN programs, This standard has, tn practice, been . 
used as a minimum, rather than an-optimum, by the 
manufacturers and users. Many have developed their own 
versions of FORTRAN IV that Inctude additional capabilities. 
The effect of this Is that a program written -in:the expanded 
version.cannot be run on another system:that does not use 
the same expanded version; the adoption:of a-standard here 


has been virtually worthless. va ee i te 
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it does not follow, however, that this. Is neGesencl iy: 
undesirable. Adoption of a firm standard by the computer | 
field would necessarily act as an impediment: to [nnovation 
and development. tn the FORTRAN example just cited, many of. 
the “added” features are give ecdien talent demoetant: they. 
might not have been Introduced at all if the standard was 
firmly adhered to. The value of setting standards must: be 
weighed against the value of innovative freedom... in. an 
industry so characterlzed by iatwvasien; adoption-of firm 
standards would seem to be premature at: this time. Hence, 
the diseconomies associated with the necessity for a user to- 
adhere to his present machine as. long:.as possibie will stitl 
be present for some: time to eome.: a ae 

Diseconomies of Sharing. it was suggested earlier that. 
there were advantages, as well as: costs, associated with the 
technique of multiprogramming a targe computer. These 
“costs of sharing" arise tn both technical. and operational 
ways, some of which may never actually show up.on any user's 
books. Technically, addittonal hardware jis required to 
support a multiprogramming environment. The.cest of such 
hardware may often exceed the cost of the basic processing 
capability. In another study: (3) it was learned, for 
example, that the “sharing overhead": compenents itn.one major 


time-sharing system then under devetopment: would be about 


65% of total hardware cost, not to mentton: such additional... 


cost factors as communications facilities, and the cost of 
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writing the software for the system, perhaps..as..high as. $6. 
mittiion. - 

From the operational standpoint, the user of a remotely 
located computing facility must incur certain costs in-order 
to gain access to the machine. ‘tf tt is-a time-shared, 
remote access system, he. must contract for conmunications 
services from a common carrier, and lease a remote access 
terminal device. If the service Involved Is a batch 
processing system, the user must arrange for pickup and 
delivery of his jobs, and must bear the cost of any 


Inconvenicnce that may result from some delay in transit. 


CONCLUSION 

From the foregoing, we conclude that although there are 
certain obvious and significant economies in the operation 
of a computing facility that would tend to make large 
systems far more efficient than small? ones. We have also 
observed that there are certain factors that may negate any 
such efficiencies. 

Thus we must ascertain the extent of actual economies 
of scale in practice. To accomplish this, an analysis was 
made of acquisition practices of firms in the manufacturing 
industries to determine whether they were acting as if the 
economies did outweigh the diseconomlies, or vice versa. 
Although few of the installations studied operate in a 
time-sharing type of environment, the analysis does present 


a basts for assessing the nature of demand for computing 
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services In manufacturing Industries, based upon the 
presently existing structure of costs for such services. If 
economies of scale exist under the present technology, then 
the more widespread use of shared facilities will serve to 
increase the efficiency with which this equipment Is used. 
The results of this analysis are the subject of the next 


chapter. 
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TABLE UI-1 
RENT AND EXPENSES FOR ALL FEDERAL GOVERNMENT INSTALLATIONS 


NOBS .G.RENT.LE. MFAN RENT SIGMA RENT MFAN TOTEXP SIG TOTEXP MM RNT/EXP SIG RNT/EXP 


113 0 2 1,373 2927 8.232 10.547 _ 317 220 
227 2 5 3.291 859 17.904 13.832 295 - 213 
126 5 10 7.365 1.471 30.749 43.469 381. 227 
185 10 20 14,065 2.746 45.795 31.790 385) 169 
13% 20 40 28.433 5.4593 97.422 92.618 - -408 2195 
96 40 70 52.745 8.252 135.200 57.117 - «450 177 
38 70 100 85.125 8.110 198,998 91.045 50% 190 
120 100 9999 268.226 240.941 483.989 353,128 568 178 
TABLE [1-2 


RENT AND EXPENSES FOR INSTALLATIONS WITH 2 OR FEWER COMPUTERS = 


NOBS .G.RENT.LE. MEAN RENT StGMA RENT MFAN TOTEXP SIG TOTEXP HN iis S1G RNT/EXP 


104 0 2 1.381 2522 7.383 7.215 ' 519 219 
219 2 5 3.270 838 17.263 13.008 299 » 21h 
107 5 10 7.386 1.414 29.659 46.166 381 ~ 4205 
127. =10 20 13,201 2.416 45.643 37.088 . 386 ; 2177 
59 20 40 28.751 5.682 76.501 37.759 4450 2174 
27 40 70 52,213 7.231 109.929 40.550 $23 .156 
9 70 100 86.287 7.683 179.861 105.705 605 -226 


5 100 9999 227.367 204,001 271,767 190.158 785 182 


(44 
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TABLE [1-3 
RESULTS OF REGRESSION ANALYSES 


1, LOGCSYSTOT) = AOD+A1*LOG(SYSRNT) $, 


NOB = 8 “NOVAR = 2 

RANGE 1 1 8 1 

REGR& 

RSQ = 0.9975 SER = 0.0718 SSR = 0.0309 
F(1/6) = 2437,8990 DW(0) = 3.0744 

COEF VALUE ST FR T-STAT 

Al. 0.7657 0,0155 49,3751 

AQ 1,9016 0.0521 36.4693 


a. All Federal Government Installations 


1, LORCSYSTOT) = AQ+A1*LOG(SYSRNT) $, 


NOB = 8 NOVAR = 2 

RANGE 1 1 8 1 

RFGR4 

RSQ = 0.9924 SER = 0.1143 | SSR = 0.0784 
F(1/6) = 784,3572 DW(0) = 1.9961 

COEF VALUE ST ER T-STAT 

Al 0.7050 0.0252 28.0064 

AO 1.9344 0.0837 23.1157 


b. installations with 2 or Fewer Computers — 
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CHAPTER THREE 
OPTIMUM PLANT SIZE IN THE COMPUTER SERVICE INDUSTRY 


THE SURVIVAL PRINCIPLE 
The last chapter considered the determination of 
relative economies of scale in the provision of computing 
_ services by an analysis of relevant cost areas and by 
consideration of known short-run diseconomies which might 
act as detriments to obtaining the fullest cost advantages 
of the use of large scale computer systems. The present 
chapter considers the question of economies of scale by” 
attempting to determine the optimum plant size In the 7 
- computer service industry. A plant Is defined as a stngle 
computer system, although several-such systems might be tn 
operation within a single Installatton. 
In considering the question of optimum plant size, 
Stigler (1) noted that: 
An efficient size of firm... is one that-meets any 
and all problems the entrepreneur actually faces: 
strained labor relations, rapid Innovation, government 
regulation, unstable foreign markets, and what not. 
This Is, of course, the decisive meaning of efficiency 
from the viewpoint of the enterprise. . oe 
The survivor technique proceeds to solve the problem of 
determining the optimum plant $ize as ‘follows: 
Classify the firms in an Industry by size, and 
calcylate the share of Industry output coming from each 
_ class over time. ff the share of a given class falls, 
tt ts relatively Ineffictent, afd in general Is more 


Inefficient the more rapidly the share falls. (1, p. 
56.) 
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Under this view, It should be possible to determine the 
relative effictency of plants of varlous sizes merely by 
studying the existence and survival patterns of ptants of 
various sizes in an industry. -tn the tong run, “only the 
most efficient firms, which presumably are those of 
relatively optimum size (assuming .a continuous production. 
function) would survive tn a- competitive market... .indeed, 
Stigler observes that 
Not only ts the survivor technique more: direct and 
stmpler than the alternative techniques for the 
determination of the optimum stze:of firm, it. Is also 
more authoritative. Suppose that the cost, rate of 
return, and technotogtcal: studfes:alt find: that.within 
a given industry the optimum size of firm Is one which 
produces 500°to 660 units per “day; and.that costs per . 
unit are much higher If one goes outside this range. 
Suppose also that most of the:firms-inithe industry are. 
three times as large, and that those firms which are in 
the 506 to G00-untte class are raptdly fatting-or > =: | 
growing to a larger size. Would we believe that the 
optimum’ size was 500 to 600°units? -Ctearly=net: an. 
optimum stze that cannot survive In rivalry with other 
sizes Is ‘a contradiction... .¢1,;p6 356). =: 2 
In another study, Simon and: Bontni (2) used this .. 
princiIpte. to disclose the fact that In generat, Industry 
cost curves were "J" shaped, that is, above a certain 
minimum size of firm, expansion would take place:along. a 
constant cost portton of the long-run average ‘cost curve and 
that, for most relevant size magnitudes, the. theoretical 
upturn in what fs considered to be a “U" shaped curve wil} 
not occur, The-Stmon-Bontal model was “based. -upon-the. 
observation that over time there was no greater = 


proportionate change In stze among firms at various polnts 
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Tn the spectrum of firm sizes. tf -an-tndustry were 


experlencing economies of scale (i.e., expansion. was. taking. 


place along the decreasing cost portion of the industry cost - 


curve) then firms of relatively large size would. have. an 
increased probability of survivat than thefr smaller 
competitors. Hence, under such cost conditions, we would 
expect, over time, to observe a greater proportionate change 
in size of large firms than of small firms. 

T. R. Saving, In yet another -apptieation of the 
survival technique (3) susgested that: there was some value 
tn considering only: the size distribution of. plants at some. 
single instant In time, thus, tn effect, maktng. the. (perhaps 
heroic) assumption that the existing’ distetbution. of plants. 
is optimum (3,. ‘Pe 578), certainty, this implies that any 
movements or trends: toward optimum: plant stze- in an industry. . 
are reflected in the existing ‘structure of that industry: 


that a "snapshot" ts suffictent to. kndicate some direction 


of movement. The survival technique is used, In the present -. 


study, In this manner, stnce the rapid rate of technological | 
change in the computer fletd would render comparisons of 
plant sizes tn different periods of tittle value. 

Saving also concluded that "the greater: the size of the 
market, the larger will be the optimum stze:Cof. plant) 
because [t Is the size of: the market: which allows ‘a. plant to. 
be large enough to take advantage of ai] the economles of | 


productton which are available." He further notes that "by. 
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size of market we refer to the size of the market In which 
the plant competes, and not the Industry,- since bt ts the 
market for the individual plaat's- output which determines 
the extent to which that plant may take advantage of 
existing economies of scale." (3, ps 587). Welss (5, Dp. 
253), came to a similar conciusion by demonstrating that for 
any given industry the percentage of- total capacity within. 
any market Cregion) that was In plants of at least minimum 
efficient size increased with the size of the market. 
(lee., the larger the market, Ae more the potential | 
economies of scale were realized. » oe 

In the computer service Industry, as we have defined 
it, the "market" that ie. served by an Individual” “plant” 
(l.e., computer) is most often restricted to the firm which | 
uses the computer! s services as an Input ‘to Its production 
process. Hence, by. segmenting the ‘computer service industry 7 
Into its individual markets, we may examine the ‘relative 
economies of scale in the Industry as a whole by determining 
the nature of the effect upon optimum ‘computer size of the 
specific market In which it operates. | _ | 

This was accomp! shed by classifying ¢ the individual 
plants in the computer service Industry Into groups 
according to the specific (manufacturing) Industry that each 
machine serves. This, of course, assumes: that ‘all firms in 
a manufacturing Industry possess essentially identical 


Zz 


production functions, Further; tf we assume, ‘as Bain (4) 


4&0 


and Simon and Bonini (2, op, cit.) have suggested, that 
industry cost curves are usually J-shaped such that in 
general constant costs exist above: some minimum critical 
point, then by assumption the quantity of computing service 
demanded by a firm in any one industry should vary in direct 
proportion to its size, along a linear homogeneous 


production functton for the (manufacturing) firm.: 


THE SURVIVAL PRINCIPLE APPLIED ‘0 COMPUTER SERVICES 

The operating cost data considered in Chapter two yaitght 
lead one to expect that no computer save for the very. 
largest Is efficient, and that the prudent. user will always 
obtain the largest system he can. "However, this does not 
seem to be true in practice. tn an attempt to determine 
what does occur tn practice, the survival, technique was 
applied to data on nearly 10, 000 computer systems in - 
manufacturing Industries, Stigler suggests that survival 

over time is the key variable to be observed. OWEN ST? as 
already observed, with the rapid rate of technological 
change in the computer industry, time series would not 
Indicate any meaningful pattern, since the ‘production 
functions tn cbererent years might not be strictly 
comparable (or even remotely simi1art). As an “alternative 
to studying. survival patterns over time, usage patterns 


across a number of Industries, each of which has Its own 


characteristic structure, were analyzed. 
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If there were no actual economies of scale in the 
production of computer services, then we might expect the 
size pattern of systems serving. firms within a particular 
industry to reflect the structure of that Industry. 

Further, proportionate changes in Industry characteristics 
should result in a change of like proportion in the typical 
size of a computer installed within a firm In the industry. 
If economies of scale do exist, then the relationship 
between [Industry structure and computer size pattern would 
be less definite. Also, changes In Industry structure 
should result In less than proportional chanres in computer 
size, indicating that because smaller inmtallations are less 
efficient to operate, relatively large systems are required 
to serve Industries characterized by smal firms, 

Assuming linear homogeneous production functions for 
firms In manufacturl ng Industries, then . 

d= Gs; 
where d is the quantity of computing service demanded by a 
firm of size S; in industry I, and @ Is a constant. The 
Bain and Simon-B onini Findings Tend credibility to this 
function for outputs as related to direct inputs. Outputs 
here are given by firm size s;, since we measure size In 
values of product shipments; but the input here, d., is very 
indirect; computer service Is part of administrative, 
research, and process control functions, none of which 


approach "labor" as a direct Input. But all three of these 
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indirect services are used to explain the existence of 
firms; that Is, analysts of organfzations place 
responsibility for limits on organtzatton (or firm) size on 
the decreasing returns to scale of services in these three 
categories. We assume only constant returns, as a cautious 
first step In our analysis; decreasing returns would add to 
the strength of the findings beTow. 

Thus, If p; Is the average ‘size of a computing plant 
In fndustry i, then | 

d= Api 

where X Is a constant and ¥= 1.0 If no economies of 
scale exist and ¥> 1.0 if they do. That ts, If economies 
of scale exist, then a less than proportionate change in 
average size of computing plant will be redufred for any 
change in quantity of computing services demanded, d. This 


relationship may be rewritten as~ 


a 
peo d = as for B=— 


where 4 < 1.0 under conditions of economies of scale. 

Thus, if firm’slze is increased by some factor k, 
. then kp < kd. We would expect a proportionate change 
In power as a result of a change In firm size only If no 
economies of scale are present. However, where such _ 
economies do exist, then the smaller firms are already using 
larger machines than they might be doing under conditfons of 
constant costs, such that the magnitude of the Increase In 


computer size Is not as great as that In firm size. | 
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MEASURES OF PLANT SIZE IN THE COMPUTER SERVICE INDUSTRY 

In order to test this hypothests, It was necessary to 
find a sét of variables: that would characterize the . 
structure of the user Industry and another:group to 
characterize. the structure of instaktled -computer systems 
within the user tndustry. 

Six variables were selected to describe the user 
industry: Industry size, industry “growth, tndestry 
concentration-in the four largest firms, number of |. 
establishments in the four largest (and most Important) 
firms, labor intensiveness, and capital Intensiveness. (The 
appendix describes each af these more fully and presents, In 
Table A-1, a summary of these vartables for the 119. 
industries studted.) 

The variables used to characterize the structure of 
computer sizes were average rent, average total expenses, 
and average power. These are summarized, for each industry, 
in Fable A-2. 

Average rent. Average rentiwas computed by using, as 
mean rental values in each of elght stze-classes of computer 
systems, the values obtained from an analysis of the cost 
patterns in the Federal Government installations (see Tables 
A-2, Aw3, Av&). Although a more valid method: might have 
been to determine the actual :rent for -each ‘computer 
installed, the data were not sufficlent to develop: such 


price determinattons. However, considering the number of. 


Rk 


systems studied, any varlattons canbe éexpetted to be 
averaged out over-all systems;:. Hence, the use of the 
experience within. the Federal Government is probably a 
fairly good estimator of actual average coasts. . 


« Once. agatn,. the data on 


computer systems In the manufacturing-industrtes was not 
sufficient to permit any determination of operating 
expenses. However, .the results off tthe:arnatysis-of the 
Federal Government: experience were used and are believed to. 
reasonably estimate non-government exgertence. tt shauld be 
noted, however, that certain expense.categories are not -— 
Included in the-Federal Government's: dbrect .computer .system. 
operating costs that are usually figunes .by -nongovernment 
users. However, [t Is believed that these: are probably a -— 
fixed percentage of non-rent expenses, and will net 
materlallty affect the results obtained .in«the present 
application. 

Average Power. A measure of the productive .capactty of 
computer systems fs provided by Knight's Indicies of 
computing power, discussed earlfer Cand En -the Appendix). - 

Although rent and operating expenses would seem to be .. 
measures of system cost, they are vealed mesaures:of, system 
size, just as number of ‘employees, sales; kilowatt hours 
used per month, etc.;,, are ath measuces of: ip hant-or firm 
size. ~ Use of the power var habte, -however; provides the best 


measure: for: change itn -productlve-carpeci ty which we -assert. 
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should be proportional to a change in any structural 
characteristics of the user Industry if computing costs are 
constant. However, the change In one of the cost vartables 
will provide a more direct measure of the change in relative 
expenditure on the typical system. If this change Is 
approximately In the same proportion as a change In industry 
structure, then clearly there are na ecenomtes of. scale. 
However, to the extent that this change [5 less -than ‘the 
like change in the Industry structure, then: there would seem 
to be certain efficiencies of large scale systems that are 


Indeed being enjayed by firms: of larger stzec 


CONSTRUCTION OF THE MODEL 

Linear céaression analysis was used to test for 
relationships between any of the stx Industry vartables and 
the three computer size variables just. decribed. In the 
case af industry growth, labor intensiveness, and capital 
intensiveness, there was no significant: relationship between 
any of these and any of the three computer size descriptors... 
Hence, these three variables were discarded From further 
analysis. The most significant relationship was found Ina 
mode! whose Independent variabies. consisted of the natural 
logarithms of industry stze,: concentration: ratio, and number 
of establishments. In the four: largest: £ trme,:-"the-three:: : 


multiple regression equations were, then a = 
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InR "a, .* a, tn Q + agin T + a in £. easier C2) 
In X = bo +b, In Q+ bain T* bgIn E (2) 
In P= cy + c,in Q+ cyln T+cegtn-E (3) 


ape 


Lae - 


“average computer rent 


average total computer operating expenses 


‘average -computing ‘power. . 


industry size 
ratio of stze of.four largest ftrms -to 
Industry size 


number of ea tab ly slur’ in four largest | firms. 


i? 


bj) - Cj ‘are regression coefficients. 


ye 


In effect, the three Independent variables, ina 


non-logarithmic form, form a measure of average plant size 


in the four largest, and most dimportant, firms in the 


industry? 


Average establishment size - ot = 4) 


The results of these regressions are given: in. Table iti-l. 
A plot of the logarithm of average: plant size: against each. 


of the three computer size variables is: provided In Charts 


titel, 20 and Sx 
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DISCUSSION OF THE MODEL 
The three equations used are transformations of the 
hypothesized relationship, which Is non-linear. Hence, each 


of these equations could be written 


c C c ¢C 
Pee" O° 74: Eo (5) 
Since, from Table III-1, CG, = - Cz , we may rewrite 
equation (5) as A 
lg 7G \FP ao 
pee °(#) T (6) 


where C= Bp = =C54 4 

If there were no economies of scale, then both 4p and CL 
would be approximately equal to one, such that any change in 
average plant size fn the user industry would result ina 
proportionate change In average computer size. However, the 
results of the regression analysis, as shown [n Table III-1, 
indicate that in fact Bp is approximately 0.4, and Cy 
slightly less than 0.7, Indicating that there apparently 
are economies of scale in computing services, and that these 
economies are most pronounced when average establishment 
size is changed. 

Turning next to the other two cost-related measures of 
computer size, we find that, for average system rent, 4p = 
approximately 0.15, and a, is approximately .26; in the case 
of average total expenses, 4, is about 0.095, and bo, 
about 0.17. Once again, economies of scale are Indicated, 


especially with respect to average establishment size. 
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However, the cost-related measures would seem to suggest 
highly. significant economies: If average. establishment size 
is doubled, the average cost of @ computer increases by 
220.095 times, or by only about 10%... Average rent would 


increase by about 142%, 


EXAMINATION OF THE RESIDUALS 

Table t!!-2 presents a summary of the actual and 
estimated values of average rent for the 119 tndustries 
studied. In an attempt to explain at least some of the 
variation from the model, the subject fadustries were 
classtfled tnto three groups, depending upon the nature of 
the applications to which computers had been used In that 
Industry. Table !1!-3 summar I zes this analysis. In 
general, the model seemed to overestimate “the: average rent 
in industries with stantficant analysis types of 
applications. These include such activities as engineering 
design, simulation, job-shop scheduling, mathematica! 
programming, statistical studies, and what not. In the case 
of Industries with process control applicattons, such as 
machine operation monitoring, computer typesetting, etc., 
the model seemed to underpredict the average size of the 
computer systems Installed. The third class Included all 
systems where business applications were predominant, and 
relatively little analysis or control activities were taking 
place. The original model seemed to be fairiy accurate for 


this type of industry. Using this same grouping, the 


kg 


original model was re-run In an effort to determine whether 
there were any differences In the coefficients, and hence - 
elasticities, when the installations-with non-business 
applications were treated seperately. The purpose here was 
' to isolate those groups of users whose industry production 
function requires that they make a different type of use of 
computing devices than most industrial users. A 
determination of differences in the regression line based 
upon application area would suggest that the degree to which 
economies of ‘scale are present -in any instance [s, to at 
Teast some extent, determined by the nature of the service 
being obtained from the equipment. Table ILi-3 presents the 
results of this analysts and Indicated that, although there 
were some small changes, the original conclusions are in no 


way Invalidated. 


CONCLUSION 

The empirical data suggest that users of comput Ing 
equipment are behaving as if there were significant 
economies of scale in the use of such devices. There seems 
to be a general tendency for users to acquire jarger systems 
than thelr firm or plant stze would indicate Is required. | A 
doubling of average establishment size results In only about 
a 35% Increase in the average power of computer . . 
Installations In the industry, far less of an increase in 
‘the two cost measures - machine rent and total operating 


expenses. 
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Further, only about 40% of the variation in computer 
system size could be explained by variations in industry 
structure. Even when some cognizance was taken of the 
specific application areas to which computer were used in 
the subject industries, the relative proportion of the 
variation that could be explained by the industry structure 
was not materlally altered. 

From this, one may only conclude that the decisfon as 
to which sfze machine to use fs based upon factors other 
than the straight quantity requirement for service. 
Companies do tend to obtain systems that exceed their 
requirements, because they are substantially cheaper to run, 
on an average unit of processing basis. What is done with 
the excess capacity is not clear from this data; there Is a 
developing market in excess computer capacity (within the 
last two years several new firms have been organized to 
provide brokerage services itn this market). 

tf there are apparently economies of scale in the 
provision of computing services, one must then inquire as to 
what changes might be made to the economic environment of 
the computer service Industry to promote greater efficiency 
of computer usage. This question Is considered In the next, 


and concluding, chapter of this study. 


(1) 


(2) 


(3) 
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TABLE JI1-1 
RESULTS OF REGRESSION ANALYSES 


ALL 119 INDUSTRIES 
1, LOGCAVGRNT) = AO+AL*®LOGCINDSIZ)+A2*LOG(CONCEN) +A3*LOGCESTAR) $, 


NOB = 119 NOVAR = | 

RANSE 1 1 119 1 

RERRY 

RSQ = 0.3665 SER = 0.2670 SSR = 8.1988 
F(3B/115) = 22.1815 DW(0) = ie a 

COFF VALUE ST ER T-STAT 

Al 0.1585 0.0398 3.9789 

AQ 29057 0.3050 9,5253 

A2 0.2611 0.0396 6.6026 

A3 -0,1408 0.0330 -4,2631 


2. LOGCAVGEXP) BO+B1*LOGCINDSIZ)+82*LOG(CONCEN)+B3*LOGCESTAB) $, 


NOB = 119 NOVAR = 4 

RANGE 1 1 119 1 

REGR4& 

RSQ = 0.3664 SER = O.b751 SSR 3 55278 
F(3/115) = Co eke DW(0) = 2.0545 

COEF VALUE ST ER T-STAT 

Bl 0,0988 0.0261 3.7816 

BO 4.7507 0.2001 23.7416 

B2 0.1740 0.0259 6.7088 

33 -0,0912 0.0217 “4.2099 


CO+C1*LOGCINDSIZ)+C2*LOG(CONCEN)+C3*LOGCESTAB) $, 


3, LOGCAVGPOW) 


NOB. -= 179 NOVAR = 4& 

RANGE iL 1 EES 1 

REGR4Y 

RSQ = 0.3440 SER = 0.7602 SSR = 66.4561 
F(3/115) = 20,1027 DW(O0) = 2.1500 

COEF VALUE ST ER T-STAT 

Cl 0.4702 0.1134 4.1460 

GO a—.20:15 0.8685 6.0580 

oe 0.60764 0.1126 6.0069 


C3 -0,4036 0.0940 “4.2927 


Yr sortx ind3 


W 1107.8 
Rank SIC 
1 2086 
2 3442 
3 3391 
4 3731 
5 3674 
6 2631 
7 2013 
8 2711 
9 2431 
10 3317 
11 3742 
12 2111 
13 3241 
14 2971 
15 3441 
16 3443 
17 3351 
18 2752 
19 2328 
20 2051 
21 2042 
22 2824 
23 2653 
24 3562 
25 3585 
26 3429 
27 2751 
28 3069 
29 2026 
30 2011 


Se a ee oe a a ee ee od 


Y 


YFIT 


4, 3065 
4.3730 
4.7168 
4.7568 
4.8736 
4.5975 
4.4568 
4.5404 
4, 3660 
4.5977 
4.8264 
5.0584 
4.4321 
4.7114 
4.4146 
4.6026 
4.7617 
4.2722 
4.4256 
4.4049 
4.4970 
4.9587 
4.3467 
4.7303 
4.8078 
4.7709 
4.5454 
4.6173 
4.4278 
4.7138 


RESIDU 


~.6956 
-.5444 
-.5579 
-. 4801 
-.4792 
-.4231 
~.3964 
- 3973 
-.3770 
-.3930 
~.3956 
-.4140 
—.3378 
-.3546 
~.3037 
-.3121 
-.3190 
-. 2832 
—, 2824 
-.2778 
-.2775 
-.3047 
-.2358 
~.1977 
-, 1828 
-.1758 
-.1634 
- 1629 
.1512 
.1599 


Table 111-2: 


PCT~ERR 


-16.15 
-12.45 
-11.83 
-10.09 
-9.83 
-9.20 
-8.89 
-8.75 
~8.63 
-8.55 
-8.20 
~8.18 
-7.62 
-7.53 
-6.88 
-6.78 
-6.70 
~6.63 
-6.38 
-6.31 
~6.17 
-6.15 


NAME OF INDUSTRY 


Bottled and Canned Soft Drinks 
Metal Door, Sash, and Trim 
Iron and Steel Forgings 

Ship Building and Repairing 
Semiconductors 

Paperboard Mills 

Meat Processing Plants 
Newspapers 

Millwork Plants 

Steel Pipe and Tube 

Railroad and Street Cars 
Cigarettes 

Cement, Hydraulic 
Confectionary Products 
Fabricated Structural Steel 
Boiler Shop Products 

Copper Rolling and Drawiag 
Printing, Lithographic 

Work Clothing 

Bread and Related Products 
Prepared Animal Feeds 

Organic Fibers, Noncellulosic 
Corrugated Shipping Containers 
Ball and Roller Bearings 
Refrigeration Machinery 
Hardware, N.E.C. 

Printing, Except Lithographic 
Rubber Products, N.E.C. 

Fluid Milk 

Meat Slaughtering Plants 


Actual And Predicted Values - All 119 Industries 


ANAL 


a 


BR 
DFDOORFPDONOWOrFROCORPUONOFOONTCONNOWO 


CNTRL 


an 
WOPOFRPEFWHOOUNHA LEN APWNNHMNOFWONADAS 


BR 


ae 


€sS 


Rank sIc Y 


31-2818 = 4.7274 
32 37172 4.9558 
33. 2851 = 4. 4067 
34 3941 4.4308 
35 3694 = 4.7707 
36 «3291 4.6347 
37 2815 4.6634 
38 = «2432 4.3307 
39 «2222s: 45218 
40 26410 4. 7707 
41 3321 4.5643 
42 3544 «4. 2047 
43 20994. 427 
44 3531 4.7958 
45 3352 4.7875 
46 «35450 4 659 
47 «2253 4, 5326 
48 3548 4.5833 
49 «3912 4. 946 
50-3022 4. 8598 
51 3861 4.9836 
52 36224. 7449 
$4 2812 4, 4188 
55935604. 7K 
56 86-2082 « 4, 7362 
57 3821 «456.33 
58 86-2037) 44.5433 
59 3357) 4 885 
60 2327 -4,.4773 
61 3522 4.8598 
62 2032 4.8675 
63 3661 4.9836 
64 2834 4.7958 
65 2842 4.6250 
66 3433 4.5109 
67 3561 4, 7095 
68 3651 5.0039 
69 3079 = 4. 3820 
70 3411 4.7362 


R16. 350+7.850 


YFIT 


4.8841 
5.1112 
4.5427 
4.5652 
4.8874 
4.7476 
4.7758 
4.4314 
4.6155 
4. 8663 
4.6382 
4.2723 
4. 5066 
4.8612 
4. B4L5 
4.5147 
4, 5809 
4.5851 
4. 9836 


4.7551 
4.5850 
4.4699 
4.6588 
4.9478 
4. 3284 
4.6782 


RESIDU 


-.1567 
-.1553 
-.1359 
-.1343 
-.1167 
-.1129 
-.1123 
-.1007 
~.0937 
~.0957 
-.0739 
-.0676 
-. 0640 
~.0654 
-.0540 
~.0487 
~ +0483 
- 0418 
-.0420 
-.0362 
me 0318 
~.0183 
=.0165 


PCT-ERR 


-3.21 
-3.04 
2.99 
“2.94 
-2.39 
-2.38 
2.35 
-2.27 
-2.03 
-1.97 
“1.59 
~1.58 
-1.42 
-1.34 
71.12 
-1.08 
-1.05 


NCOMP 


120 
643 
67 
30 
13 
11 
26 
17 
18 
28 
39 
21 
33 
63 
16 
17 
24 
26 
353 
109 
67 
“80 
141 
32 
16 
40 
54 
31 
28 
13 
166 
19 
159 
105 
20 
50 
32 
97 
58 
27 


NAME OF INDUSTRY 

Organic Chemicals, N.E.C. 
Motor Vehicles and Parts 
Paints and Allied Products 
Games and Toys 
Engine Electrical Equipment 
Abrasive Products 
Intermediate, Coal Tar Products 
Veneer and Plywood Plants 
Weaving Mills, Synthetic 
Soap and other Detergents 
Gray Foundries 
Special Pies and Tools 
Chemical Preparations, N.E.C. 
Construction, Machinery 
beam Rolling and heuiing 

Tools and Accessories 
Knit Outerwear Mills 


Metalwor! ring. Machinery, N.E.C. 
Blest ces and Steel Mills 


: ) ing Devi 
ree and. es 


wise Oe Etc. 


Canned Spe. pecialities 

Telephone, ‘Telegraph Apparatus 
Pharmaceutical Preparations 
Polishes and Sanitation Goods 
Heating Equipment, Except Electric 
Pusips and Compressors 

Radio and TV Receiving Sets 
Plastics Products, N.E.C. 

Metal Cans 


Table 111-2 (CONTINUED) 


SIZE 
6541 

45630 
2970 
1157 
1342 
1016 
1483 
1700 
2241 
2396 
2728 
2218 
1322 
3768 
3100 


CONC ES TAB 
46 28 
79 135 
23 38 
22 10 
72 11 
56 14 
52 15 
24 51 
40 48 
72 25 
27 23 

5 10 
20° 15 
45 17 
65 33 
20 13 
14 4 
25 11 
49 57 
71 32 
67 10 
66 18 
36 13 
12 10 
46 11 
39 23 
21 14 
24 27 
39 41 
20 16 
45 25 
63 14 
94 24 
24 13 
30 14 
16 11 
27 15 
48 1 

8 39 
71 113 


OCAOPEPNENOKP ARE SINWOOOrFRKFWOOONOrF OF 


rR 


wR N DN OF © 


CNTRL 


ODEUNYNRFORUONEF WHE WOWHK HW hb 


Load 8 Ld pod 
OUrPN RP Rw 


HPUOAnrRe Sf oO 


Be 


ees 


109 
110 


R 16. 350+7. 850 


sic 


2231 
3481 
3566 
3541 
3323 
2821 
2052 
2024 
2341 
3613 
2311 
2085 
3559 
3642 
3461 
3452 
2621 
3519 
2099 
2731 
2871 
2911 
2023 
3599 
3621 
2033 
2321 
2281 
2041 
2512 
3722 
2721 
3679 
3622 
3141 
2844 
2211 
2335 
3634 
3662 


Y 


4.7185 
4.4067 
4.6821 
4.7005 
4.6052 
4.8122 
4.7875 
4.4886 
4.4427 
4.7622 
4.5951 
4.8122 
4.6347 
4.6634 
4.6052 
4.6052 
4.7707 
5.0304 
4.6347 
4.8752 
4.8442 
5.0876 
4.6634 
4.5539 
4.9200 
4.7185 
4.6540 
4.6540 
4.7707 
4.6052 
§.2523 
5.1299 
4.9488 
5.0304 
4.6913 
5.0876 
4.8828 
4.5109 
5.0499 
5.0689 


YFIT 


4.6596 
4.3463 
4.6179 
4.6336 
4.5359 
4, 7338 
4.6968 
4.3900 
4.3447 
4.6500 
4.4831 
4.6923 
4.5090 
4.5315 
4.4747 
4.4570 
4.6038 
4.8433 
4.4617 
4.6891 
4.6592 
4.8840 
4.4725 
4. 3587 
4.7083 
4.5014 
4.4361 
4.4278 
4.5348 
4.3720 
4.9736 
4.8481 
4.6669 
4.7428 
4.4204 
4.7899 
4.5866 
4.2322 
4.7334 
4.7344 


RESIDU 


- 0589 
- 0604 
-0642 
-0669 
-0693 
+0784 
-0906 
-0987 
-0980 
-1122 
-1120 
+1199 
+1258 
-1319 
- 1305 
-1482 
- 1668 
- 1871 
+1730 
-1861 
-1850 
- 2036 
- 1909 
«1951 
-2117 
2171 
»2179 
+2261 
- 2358 
«2332 
-2787 
+2818 
- 2818 
«2876 
-2709 
- 2977 
«2962 
+2787 
- 3164 
+3345 


PCT-ERR 


1.26 
1.39 
1.39 
1.44 
1.53 
1.66 
1.93 
2.25 


NCOMP 


57 
16 
51 


NAME OF INDUSTRY 


Weaving, Finishing Mills, Wool 
Fabricated Metal Products, N.E.C. 
Power Transmission Equipment 
Metal-Cutting Machine Tools 
Steel Foundries 

Plastics Materials and Resins 
Biscuits, Crackers, and Cookies 
Ice Cream and Frozen Desserts 
Women's and Children's Underwear 
Switchgear and Switchboards 
Men's and Boys' Suits and Coats 
Distilled Liquor, Except Brandy 
Special Industry Machinery, N.E.C. 
Lighting Fixtures 

Metal Stampings 

Bolts, Nuts Rivets and Washers 
Paper Mills, Except Building 
Internal Combustion Engines 

Food Preparations, N.E.C. 

Books, Publishing and Printing 
Fertilizers 

Petrolium Refining 

Condensed and Evaporated Milk 
Misc. Machinery 

Motors and Generators 

Canned Fruits and Vegetables 
Men's Dress Shirts and Nightwear 
Yarn Mills, Except Wool 

Flour Mills 

Wood Furniture, Upholstered 
Aircraft Engines and Parts 
Periodicals 

Electronic Components, N.E.C. 
Industrial Controls 

Shoes, Except Rubber 

Toilet Preparations 

Weaving Mills, Cotton 

Dresses 

Electric Housewares and Fans 
Radio, TV Communications Equipment 


Table 111-2 (CONTINUED) 


SIZE 


1167 
1300 
1314 
1826 
1279 
3532 
1327 
1142 
1042 
1549 
1850 
1332 
1731 
1544 
3756 
1662 
4805 
2052 
2206 
1996 
1183 
18742 
1100 
2865 
2289 
3216 
1348 
1479 
2345 
1250 
4572 
2718 
4002 
1049 
2650 
2431 
3562 
2508 
1128 
7563 


CONC 


z 
E 


be 
DROWMORFPRFPOONWOWKHWRFAWEHEOODONROOUDDORDRP AMEE 


> ll N 
MwoMmoodw 


> 


CNTRL 


ee 


pay 
WOOP NHONUMUBMOAWNRF FOO EF RP NODMWOMWUNWUOWOOMUMWHERPONWUE 


ay wy b 


B 


ray 


vS 


RANK SIC 
lil 2641 
112 2643 
113 3221 
114 3721 
115 2819 
116 3494 
117 2421 
118 3729 
19 3569 


R 16.350+7. 850 


UP PUNE ES 


FRPP Pure LS 


RESIDU 


«3242 
+3283 
- 3682 
«4105 
- 3742 
-3717 
+4231 
+6238 
- 7948 


PCT-ERR 


he 


. 


NMWOCOOMOnNNNN 


~N 


NAME OF INDUSTRY 


Paper Coating and Glazing 

Bags, Except Textile Bags 

Glass Containers 

Aircraft 

Inorganic Chemicals, N.E.C. 
Valves and Pipe Fittings 

Sawmills and Planing Mills 
Aircraft Equipment, N.E.C 
General Industry Machines, N.E.C. 


Table 111-2 (CONTINUED) 


SIZE 


1383 
1359 
1207 
9000 
3845 
2209 
3391 
3781 
1024 


CONC 


ESTAB 


BUS 


a 
NwWOUDRLWON 


NR 


CNTRL 


BPS 


WETS RENE 


55 


TABLE [Il-3a 
RESULTS OF REGRESSION ANALYSES 


93 INDUSTRIES WITH MAINLY BUSINESS 
DATA PROCESSING APPLICATIONS 


1, LOGCAVGRNT) = A0+A1*LOGCINDS!Z)+A2#1O0GCCONCEN)+A3*LOGCESTAB) $,— 


NOB = 93 NOVAR = & 

RANGE 1 a 93 1 

REGRG 

RSQ = 0.4305 SER = 0.2279 SSR = 4.6236 
F(3/89) = 22.4293 DW(0) =» 2.1672 

COFF VALUE ST ER T-STAT 

Al 0.1682 0.0384 4, 3830 

AO 2.5770 0.3069 8,3963 

A2 0.2634 0.0381 6.9135 

A3 “0.0652 0.0335 -1.9488 


2. LOGCAVGEX®) = BO#B1sLOG(INDSIZ)+B2*#LOG(CONCEN) +B3#1 OGCESTAB) $, 


NOB = 93 NOVAR = & 
RANGE 1 1 93 4 

REGRG 

RSO = 0.4001 SER = 0.1584 SSR = 2.2336 
F(3/89) = 19.7826 DW(O0) = =. 2.1305 

COEF VALUE ST ER T-STAT 

B1 | 0.1068 0.0267 4.0036 

BO 4.Sbbh 0.2133 21.3026 

B2 0.1736 0.0265 6.5566 


B3 70,0461 0.0233 -1.9801 


3, LORCAVGPON) = CO+C1*LOGC(CINDSIZ)+C2*LOG(CONCEN)+C3*LOG(ESTAR) $, 


NOB = 93 NOVAR = & 
RANGE 1 1 93 1 

REGR& | 

RSQ = 0.3765 SER = 0.6978 SSR = 43,3331 
F(3/89) = 17,9141 DW(0) = 2.1855 ; 
COFF VALUE ST ER T-STAT 

Cl 0.4715 0.1175 4.0134 

co 4 7656 0.9396 5.0719 

C2 0.7033 0.1166 6.0302 


C3 “0.2728 0.1024 -2.6628 
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TABLE I11-3b 
RESULTS OF REGRESSION ANALYSES 


13 INDUSTRIES WITH MORE THAN 
25% ANALYSIS APPLICATIONS 


1. LOGCAVGRNT) = A0+A1*LOGCINDS!Z)+A2*LOG(CONCEN) +A3*LOGCESTAB) $, 


NOE = 13 NOVAR = 4 

RA'GF 1 1 13 1 

REGRY 

RSQ = 0.4513 SER = 0.4554 SSR = 1.8664 
FC5/9) = 2.4680 DW(0) = 1.6657 

COEF VALUE ST ER T-STAT 

Al 0.2566 0.2080 1.2339 

AQ 2.9351 1.2433 2.3607 

A2 0.2374 0.2401 0.9888 

A3 -0.3650 0.1618 “2.2559 


2. LOGCAVGEXP) = BO+B1*LOGCINDSIZ)+B2*LOG(CONCEN)+B3*LOGCESTAB) $, 


NOB = 13 NOVAR # 4& 

RANGE 1 1 13 1 

REGR4& 

RSQ = 0.5029 SER = 0.2662 SSR = 0.6378 
F(3/9) = 3.0353 DW(0) = 1.6718 

COEFF Va LUE ST ER T-STAT 

Bl 0.1504 0.1216 1.2369 

80 4.6786 0.7268 6.4369 

B2 0.1926 0.1404 1.3725 

B3 70.2201 0.0946 -2.3268 


3. LOCCAVGPAW) = CO#C1l¥LOGCINDSIZ)+C2*LOGCCONCEN)+C3*LOPCCESTAB) $, 


NOB = 13 NOVAR = & 

RANGE A: 1 13 1 

REGRY 

RSQ = 0.5009 SFR = 1,0615 SSR # 10.1405 
F(3/9) = 3.0113 DW(0) = 1.4121 

COEF VALUE ST FR T-STAT 

Cl 0.8665 0.4848 1.7876 

co 5,1936 2.8981 1.7920 

C2 0.3645 0.5596 0.6513 


C3 “1.0278 0.3771 -2.7254 
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TABLE J1Il-3c 
RESULTS OF REGRESSION ANALYSES 


13 INDUSTRIES WITH MORE THAN 25% 
PROCESS CONTROL APPLICATIONS 


1. LOGCAVGRNT) = AO+Al*LONCINDSIZ)+A2*LOGCCONCEN) +A3*10G(ESTAB) $, 


NO3 = 13 NOVAR = & 

RANGE 1 1 13 1 

REGRY 

RSQ = 0.4514 SER = 0.2680 SSR = 0.6465 
F(3/9) = 2.4680 DW(0) = 1.1661 

COEF VA LUE ST ER T=STAT 

Al 0.2445 0.2160 13517 

A0 2.8487 1.6645 1.7115 

A2 0.2122 0.1267 1.6752 

A3 -0,2660 0.1126 =2' 9630 


2. LOGCAVGEXP) = BO+B1*LOGCINDSIZ)+#B2*LOG(CONCEN)+B3*LOG(FSTAB) $, 


NOB = 13 NOVAR = & 

RANGE Lt 1 13 1 

REGR4 

RSQ = 0.4494 SER = 0.1737 SSR = 0.2716 
FC3/9) = 2.4484 DWCO) = 1.2563 

COEF VALUE ST ER T-STAT 

Bi 0.1016 0.1400 0.7258 

BO 5.1397 1.0788 4.7644 

B2 0.1286 0.0821 1.5666 

B3 -0,1619 0.0730 -2.2184 


3, LOGCAVGPOW) = CO+#C1*LOGCINDS!IZ)+C2*LOG(CONCEN)+C3*INGCESTAR) $, 


NOR = 13 NOVAR = 4 

RANGE 1 i 13 1 

REGR4& 

RSN = 0.2216 SER = 0.9107 SSR = 7.4636 
F(3/9) = 0.8540 DW(0) = 0.9387 

COEF VALUE ST ER T-STAT 

Cl 0.7677 0.7339 1.0460 

co 2.9378 5.6556 0.5194 

C2 0.6205 0.4304 1.4419 


C5 -0.5848 0.3825 ~1.0060 


LOr AVERAGE RENT VS. LOG ESTABLISHMENT SIZE 
HORIZONTAL = LOGRNT VERTICAL - ESTSIZ 
1 To 119 = Y 


3.500 4.000 & 500 5,000 5.500 6.000 6.500 7,000 7.500 
6,000 - * . 
oy VY BOY 7 
. Y 1 a MY. 
, 1 Y*2 Y a NN NY 
. 2 pee & » YYY,*Y 
7,000 7 YoY * Y a ONY 
. » Game om LY XY -2Y - *Y,YY 
‘ 231 =°¥ YY « YY,YYY,*YY 
. VS L2ONNO ¥ - ¥*Y,YY,YY 
‘: YYY Y Y*Y 1Y . YY 
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CHAPTER FOUR 
FINDINGS AND IMPLICATIONS FOR PUBLIC POLICY 


The conclusion reached, as a result of the analyses 
carrted out in this study, Is that there Is indeed certain 
evidence of the existence of enqnonies of acale In. the 
production of computing services. Given that this is the 
case, public poltcy ought to be formulated in a manner so as 
to encourage the more widespread use of larger size 
computing plants. The purpose of this concluding chapter Is 
to review some of the the possible directions that public | 
policy might take, and consider, for. each, the relative 


appropriateness insofar. as meeting the objective. 


REGULATION AS A PUBLIC UTILITY 

One of the most widely discussed directions for public 
policy is the establishment of a regulated computer utility, 
along fairly traditional Itnes. ‘Indeed, the analysis 
presented here would seem to provide additional support for 
thls view. However, the prasent scuay Is Inconclusive as to 
the rationality of this approach to policy formulation for 
several reasons, 

In the traditional public utilities, such as electric 
power, the optimum size of plant Is quite targe; the 


capacity of an electric generator might be suffictent to 
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serve a city of one million people or more. To construct a 
plant of less than optimum size would be Inefficient, so 
that the granting of an exclusive franchise to the power 
company in a particular area Implies that pubilc bolley 
dictates that only plants of ‘optimum size, or approaching 
optimum stze, can be ballt, “Thé “same may ‘be satd for plants 
which generate computing power. However, wWe'do not @s yet 
know what Is the optimum-size of pant tn this Industry. Of 
perhaps even cheater -tmportarice,' we id :net knw the extent 
to which sharing and distribution costs will increase as: 
machine size becomes suffictentty targer than the limits of 
present technology. ‘The present ‘analysis suggests that this 
optimum size Is at Teast as large’as the largest systems -now 
buflt, ‘but ts Inconétusive as te Wow wech :lergersthan the 
present scate the average cost’ cdfve ‘tecomes horizontal. 
There are a number of reasons HOF this Tack of enon eces or 
_experfence | with large systems, some of which f have already 
been considered (Chapter two). But, for whatever the 
reasons, relatively few very large systems, have mctualty . 
been Installed, at least by comparison with the number of 
smal and medium size facilities. Further, and as a result, 
manufacturers of complete systems have- net as yet bulit any 
system that is more than an order of magnitude away from 
what Is presently considered to bea a “large” system, 
Regulation of the computer service Industry as a public 


utility As Indleated if tt can be shown thet computers can 
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operate far more effictently If operated .as.-very Large scate 
systems,: whose capacity far.,exceads: any one.-individual 
user's ‘requirements, Hence, before any attemet:-ts made to 
devise a structure for a regulated. computer. utility, some 
additional experience with: large.:syatems must be. gathered. 
Thus, the most. Immediate objective of. -pubkic policy should. 
be to reduce or perhaps. eliminate some of the presently . 
existing barriers that: mitigate egrinse the. (perhaps. shared) 
use of the Jargest computers. avaliable. =: 


BARRIERS TO USE OF LARGE SYSTEMS 
In Chapter two we considered several of the short-run 


ditseconomies that tend to Induce end-users. to. continue to 


“Baie 


operate thelr own relatively small systems In-house. 

Briefly, these Included the (perhaps psychological) desire 
to have hands-on contro} over the “computer, the stickiness | 
caused by the high cost of conversion to some other machine, 


the relative IncompatIbIli ties: of “ifterent ‘model's ‘and, in 


Pa a 2 rs 


some cases, different units of the same model, and finally 
the costs, some direct and some “Indirect, “of sharing one 


computer with SeWar egdes: There are several means by which 


+ 


government authority, tf properly directed, might reduce 


Eyes 


some of these barriers. 


Desire ‘ f ar: cont rol of the firm's com put ar. Much of the 


wi ee 
a’ saa ett Fs § fae 


reasoning behind a firm’; s desire to ‘operate Its own In-house 
COMPUES Installation may be. traced to psychological factors 


such as the prestige setoctated with ‘the ‘machine, the 
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security over the company's files and records maintained on 
the computer, and the feeling that, so long as the machine 
Is on the premises, the firm's work will get done. The 
prestige factor wil}, of course, wear off In time, as 
computers become more and more common and hence Impress 
fewer and fewer people. However, suitable leglsiation can 
significantly atter the businessman's views concerning the 
other two Issues. Operators of shared-use computer centers: 
must not only guarantee the privacy of their clitent's fltles, 
but must assume a large measure of Ifability for any . 
leakages that may be attributed to thetr negligence. Also, 
laws or regulations may fix limits of lfabiltty for 
uncompleted jobs that more closely reflect the cost, to the 
end-user, of the delay. At present, there Is usually no 
such lability for assignments which the computer service 
organization could not complete el ther when due or at all. 
fosts of syatem sonversion. it Is difflcult to Imagine 
any way In which the costs associated with conversion from 
one computer system to another could be significantly . 
reduced or eliminated unless we were to adopt a policy of 
freezing technological Innovation. indeed, virtually no 
computer has ever had to be replaced pecause it was “worn 
out" by usage; most conversions from system to another have 
been the result of the user's desire to obtain the fullest 
advantage of the ess current technology. However, if 


technology cannot be Frozen, then. conversion expenses may 
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still be reduced by encouraging the development of the 
relatively new software industry which has the potential of 
significantly reducing applications programming costs by 
sharing. these costs among many. clients who require basically 
the same applications programming package. Thus, software 
must be viewed as a product and must enjoy the same 
protection that is available to other products. Its 
uniqueness must be fully protected by copyright or, where 
appropriate, patent. Purchasers of computer hardware must 
not be required to pay for manufacturer-supplied software 
for which they have no need. With respect to software, 
policy should be directed at making :.a. distinction between 
"computing power" and “computing service." Clearly, the 
greatest economies are potentially possible in the former 
sector of the industry, since raw power-ts, In effect, a 
common denominator that can satisfy the requirements of many 
end-users. Service, in contrast, must often be tal.lored to 
individual needs. Hence, an end-user should be able to 
supply his own programs, or contract for thelr development 
(or lease) and then be able to run his applications on any 
of, perhaps, a number of competing services. Thus, the 
separation between hardware and software should apply to 
more than the computer manufacturers, but also to the firms 
engaged In providing computing facilities far -hlre. 


The power produced by 


an electric generator may be shared among many Individual 


66 


users because a distribution system exists to transmit the — 
power. from the generator to the user's: home: or factory. 
Although the electrical distributtonm system is costly to 
construct and maintatn, the potentialsavings that result 
from the shared use-of the generator more than outwet gh 
these costs. A viable computer -uthltty must’ also have a 
distribution network to transmit: lAformation between user 
and machine. For batch processing. service. bureaus, this 
network might consist of a fleet of messehger: cars, or. 
perhaps the U. S. mall. For one-Tine ‘remote access: systems,. 
where the greatest- potential for shared use ties, the 
distrfbution network would consist of  telecommuni cat fons 
facitities to carry the two-directional “ftow of information 
electronically. Fhe existing communtications ptant of the 
nation's communications commen carrfers >is or can be more. : 
.than adequate to serve as the distrbbuthon system for the © 
on-line computer services. However, there°are presently 
certain factors in the relationships bétween computer users 
and comnunications suppliers that may prevent the fullest 
advantage of the apparent economies of “scale of computing 
systems from bel ng made aval lable “to the public. . Several 
recent works (1-3) have suggested the vature ‘of some of 
these problems, ‘Inctuding some of -the resporises to the FCC 
Inquiry. These trictudé such ‘Issues as the right to 9 >> 
Interconnect privately-owned. comminheat loss systems and 


apparatus to the common carrter Pines whth:aanininum> > - 
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interface requirement, the ability of several customers to 
share communiteattons services in much the same way as they. 
would share the computer's services, and the possible 
offering of services tatlored spectftcally to certain 
computer communications requirements. - ft Is essential that’ 
any barriers to the ase of shared computer systéms that may 
be attributable to policies and tariffs of communications 
suppliers be eliminated, where possibte, and that the cost 
of this method of distributing the’ power not -be so — 
prohibitive as to negate any economfées of ‘targe-scale: 


computer operatton., 


LIMITATIONS OF LARGE SIZE COMPUTER SYSTEMS yates 

We have suggested here that apparently slaniftcant cost 
savings might be reallzed by the more widespread use of 
large computer Systems, perhaps ona shared bases. indeed; 
recent developments in the art and technology. of 
time-sharing and data communi cations make the prospect of 
more widespread use of large systems, perhaps, simul taneously 
by many users, much more probable. OMOVErs the advantages 
of large scale computer. facilities can only be real tzeds Py 


many users sharing this facility, if the. various costs 


es 


associated with sharing are Jess than the direct. cost 
advantage of the use of the large system. Certainly, 
communications costs, required Jn order, to Gistribute the . 
computing service od the Mserss may be a stgnificant factor. 


However, several other soseibie costs include dottware 
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development, system overhead, administration, sales, and 
perhaps others. Modification In. existing policy with 
respect to communications services might serve to decrease 
the significance of this cost area, although it ts still not 
absolutely clear that this will be sufficient. As for 
software development costs and system overhead, present 
experience would seem to Indicate that operational 
limitations may have been reached in the development of 
large-scale operating systems, a factor which could 
serlously limit the potential for development of large 
computers specifically designed for shared use. (l.e., a 
large system may be quite efficient If used by one 
organization for a limtted number of different appitcattons. 
However, when shared among a number of “hostile” 
subscribers, the software development costs and system 
overhead required to protect the users and the system and to 
provide for effective user-system communication and | 
interface may prove greater than the economies of scale.) 

What we have learned In this present investigation Is 
that efforts must be directed toward providing the 
computer-using public with the advantages of large systems. 
This means that technology should be focused upon the 
possible solutions to some of the more formidable problems 
posed by shared use of large yctenas where possible, 
public authorities should seek to remove certain cost 


barriers particularly In the distribution sector of the 
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imformation processing fleld. The industry has demonstrated 


its ability to survive and prosper under a multi-plant, 


competitive environment. The computer utility, if it comes 


at all, will be the result of advances in the art of 


building, operating, and administering large-scale computing 


systems. 
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APPENDIX 
SOURCES AND DESCRIPTIONS GF EMPIRICAL DATA 


The several soueeas of empirical data used to test the 
hypotheses described in this study are discussed in this 
appendix. The data fall Into three broad categories, as 
follows! | - 

(1) Manufacturing Industries census data | - 
(2) Computer installation data 
(3) Computer cost data 


Each category will be considered in turn below. | 


MANUFACTURING INDUSTRIES CENSUS DATA 

The data on Industry structures was obtalned from 
several publications of the United States Department of 
Commerce, Bureau of the Census. They weré based partly upon 
the 1963 Census of Manufactures and upon thé’ 1966 Annual * 
Survey of Manufactures. Manufacturing industries were 
chosen for analysis in’ this ‘study beeddse (a) they represent 
‘approximately one-third of ‘the computer ‘service market, ‘and 
((b) they are characterized by the most cori¢tétent ‘and 
“apparently accurate statistical reporting of any Industry” 
“ease tay Se dithn Bil eRe et She dh 


The source documents referred to were:” 
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(1) 1963 Census of Manufactures - Chapter 1, General 
Summary, and Chapter 2, Size of Establishments. 

(2) "Concentration Ratios in Manufacturing Industry 1963," 
report prepared by the Bureau of the Census for the 
Subcommittee of Antitrust and Monopoly of the Committee on 
the Judiciary, United States Senate,90th Congress, first 
session. 

(3) 1966 Annual Survey of Manufactures, U. S. Department 
of Commerce Bureau of the Census, "Value of Shipment 
Concentration Ratios by Industry." 

Six statistics were selected for each of the 417 
manufacturing industries. The bas!s of selection was the 
apparent relevance to the use of computer services within 
each of the Industries. Where possible, the statistics were 
obtained from the 1966 Annual Survey; however, In certain 
instances the 1966 figures were either missing or were 
ascribed questionable validity by the Bureau of the Census. 

The Census of Manufactures Is conducted every five 
years by the Bureau of the Census. It is, theoretically, an 
exhaustive canvass of all firms in all manufacturing 
industries. Manufacturing Industries are those with 
Standard Industrial Classification (SIC) codes between 1900 
and 3999, Industries 1900 - 1999 were a recent addition to 
the Manufacturing eeaun: and, as a result, the statistics on 
these Industries were not reported as consistently as for 


the remaining manufacturers. Hence, only data on tndustries 
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Tn the 2000 ~ 3999 range were used. The Annual Survey of 
Manufactures, in contrast to the Census, ts based upon a . 
statistieal sample of firms in each of the Industries 
covered. As a result, It Is concelvable.that certain 
figures reported In the Survey are relatively tnaccurate. 
When the Bureau considered the standard error of estimate 
for any one industry to be sufficientty great that the 
gecuracy of the data was open to question, It so: indicated 
in the report as published. The six statistics used were 
selected because they provided measures of -size, growth, 
concentration, establishment size, labor tntensiveness, and 
capital intensiveness. Each Is discussed -belaw: | 

Industry size. Value of Shipments as reported In the 
1966 Annual Survey of Manufactures was used as the measure 
of Industry size, - Certainly tt Is not tke enly possible 
measure of size (value added may be another). However, this 
Statistic was selected because It provided a measure of the 
overall quantity of business done by the Industry, not Just 
In the actual manufacturing process itself.: -To eliminate | 
sporatic variattons In the:more marginal tndustrbes, only 
industries with value of shipments In excess of $1 bil tton 
in 1966 were used tn the analysis... 

Growth. <A measure of growth was pravided by a ratio of 
the 1966 to 1963 value of shipments for.each Industry. 

Concentration. As a measure of -Industry concentration, 


the ratio of value of shipments In the four largest firms to 


7% 


the tndustry value of shipments, using the 1966 figures, was 
used. ‘Industry concentratlon provides a measure of the 
relative size of the largest, and hence most important, 
firms in an industry. 

Establishment size. A measure of establishment -sitze in 
the four largest firms was obtained: from the 1963. 
Concentration Ratio report. This statkstic gives the number 
of individual establishments In-the four targest firms. 
Thus, a large -tndustry with a high eoencentration ratio and 
few establishments In-the faur bargest firms would tend to. 
be characterized ‘by relatively large plants and 
establishments; one with many establishments, and perhaps a. 
smaller concentration ratho or a -smatl value of shipments, 
would ‘exhibit establishments whose typical size Is 
substanthkaltty smaller than tn the first case.. 

- Labor--intenslivenegs. A ratte of Salarles. and 
Wages /Adjusted Value Added was -obtatied:--fron the 
Concentration Ratio report and subsequent Fy wes updated wi-th 
data from the I966 Annual Survey. This provides a measure 
of the relative use of labor tn the manufacturing process in 
the industry. 

Capital Intensiveness. A ratto-of New Capital. 

Expend ttures/Value of Shkpments was used to. provide a - 
measure of the Importance of: current sacquisitian of new 
capital assets tn the Industry. ==. 


pA YE Sone et tt 
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A sumaary of the akeve data.for the 439 manufacturing 


industries used tn the .analysts are shown..tn.Table:A-l. 


COT UTER INSTALLATION DATA 

The: source of data on computer ‘insteilations In ‘ie 
manufactur ing industries was the “Computer Installation Data 
File" maintained by the Internation Data Corporation ‘of 
Newton, Massachusetts. Access to ‘this source ‘file was 
provided for purposes of the research reported here. 

The Computer Installation Data File ‘contains 
descriptive data on individual computer ‘Installations In the 
United States. Included in the file are data on the using 
firm and data on the nature of the computer Installation(s) 
operated by that Labia Although this data base ‘does ‘not 
have 100% coverage, the file’ s coverage Is “about ‘70% ‘to 85% 
averali;. with ‘the greatest coverage 1a the ‘larger size 
installations, — Hence, the use of this data ‘base oa 
necess| tates some bias toward ‘blgger machines ane bieger 
Installations, However, the coverage is fairly ‘constant 
over most systems in ‘the $5, 000 per month ‘and. up range, | 
covering most ad bien and large size systems, with the 
greatest defictency occurring in the small, desk- top systems 
used primarily for specialized analysis and control | 


purposes. Records containing data on nearly ‘10,000 


we 


individual machines Installed at firms In the manufactur ng 


industites was ‘eeudted ‘ahd analyzed. 
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Several attributes of each Installation record were 

selected for use In this study. These were: 

(1) The primary SIC code for the user company. 

(2) The manufacturer and model number of the computer(s) 
installed fn that company. ; | 

(3) Principal application areas of the computer 
installation, where available. 

(4) System configuration data - 

a) number of tapes . 

b) number of external memory devices 

c) size of core memory | 

d) number of line printers 

(5) Company estes and employee data 
Although the Computer Installation bate File contains 
records of systems In all industry classifications, only the 
manufacturing industries, 2000 - 3999, were used in this 
study. . 

Each computer system (manufacturer model) type was 
classified according to several possible attributes: rent, 
power, and size class. Table A-2 presents a summary of 
these data for the machines considered. tn certain cases, 
it was not Sassibie to classify a given machine for one 
reason or another, due to lack of information on the nature 
of the system. However, in terms of market coverage, some 


95% or more of all installed systems were classifiable. 
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Rant. The typical rent.for.a:competer system type was - 
obtained from several sources: +A .study-was made df ‘the -= —: 
rental ‘ranges for computer sys tens. instabted in the: Federat 
Government, wWheresa ‘fairty complete iand ceonsistentiy: 95°. 
réported if i be of “data. on:these scests @xi sts: (see thelowd.: In 
addition, iseverdl reference sources were=donsul ted,» it oo. 25 
including -thevAdams Associ ates ““Comautemetharactentstics -- - 
Quarter Ly" :and ‘the Mgenbach Cor pecatkon bs: "Standard EDP. :. 
Reports ."< Abthough some «data ‘én specific ¢anfi ganabhons was 
avai Yab Te from ‘the Compu ter ‘basta l lTathon Date -Elies cht was. - 
determined sthat ‘the use ‘of “typtoat ‘es temsverntats: was: 6 iy 
suf fictently -eccurate y tend csomecha tnbdss tlased; than the 
use oftany basis for dbrect ly ‘prickng icutidach bagtallatton, 
This Isdue te acgeneral .back:of @verall consistency btn the 
reporting inthe :CLDE, and -the sdven zgreatdrd cdbff tculty of -: 
actually ‘determining -wh bch ‘spdobfi c:componente, having, ohn -~ 
mary -Trstances, -a iwhds range of iceats~ wéctesin -use iat -2a- 
particukar knstabtatton, bt is recognized: that, as ca>» 
result, /the use of some “typtcat'!:lLadtat bation :rent say not. 
diredtly provide a means of assesdgtag the-salize-of an: 
insta? hatton-<at a-given<f terms showever, owl th cthe -ratker Large 
size ‘of =the ‘sample used, -near ty 720,000 sbndbet duatcsyetems, «© 
any ‘di seonthnul:tties would be -dvdcagdd 2080 sovernd bl -systems.:: 

‘Povier< : ‘Acmeasure:ofsthe A powd?"! ho fi ca sepectf be -comauter 
systemithat-was ‘used Is the vresutt iofsaistudw:by zkenneth -€..- 


Ketght ¢9,16), -that :sought : ta casstgn acs baglecdimenston af : :. 
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the-quanti ty ‘of -precess:bng -per ‘unht.t ime : tq icemputer “system 
typess-Thts«bks; oeftvcaeerse, fa dkifi hoelt /taskzgeskmee the .:-- 
“power of iany computeensystemzts aaftunctton af zthe -nature :~ 
of the anplieatiencto:whiebsFtote apalkedsaadoof: the-asallty 
of the:ptegrams ‘ranz |» The ‘same ssysitem onay sor avi de idi ferent - 
quantities‘of ‘service iper cenht ctimenndéen different coig ith: 
appl kEecdat tons -pequitemed tsy:utrd cbhe inekati wnshower iof.;dne /5::: 
system type <to.afotkér osysten t¥pe-may she quitter different -.° 
for dhffidrent :appbications. -Thks cks sheoevine oa sdemputer scus) 
system iconsists sof. ‘several ‘ thmpet tant veemponentsp each -of i.» 
which may -have ‘several ener farnance yet be Lbetes . «Genera bhys ob 
bus Ids sstype baapl icathins creeqabee imere chaavt eu toy tathan ide 
analysis stype appticatians, iwel el igendtakts esqutre: mone sz. 
computatkon-elathvee ‘to bse. ‘ -Hened, iaieyetem with: goed 2:4) 
input autpot iddpabbitotes srebavhve boa catiutatiion : 2. )i- ods: 
capabi.ththes wed td tend >to !pdoferm ‘bd titer ninden sa shu s inese >: 
use thansfoe: scientific zaed-téchatcal aadiiecattens. 5 Bes ides: 
the Issue of .taput output versus idompebstidinciany ses tem may 
hdve ather ‘sets<of <at te bbuted cotiat aayrrender s-t better fu--. 
sulted for one :type sof app tteetkor cover scanether. oclenight..:.: 
recognized «thts and ‘at tenptedritanndso hve | ht <tocsome sextent =: 
by determining, -fornéach is¥s ten shes tadkeds ‘power ind hetes : 
fot ‘bd th -bus bness candusébent bic se. oth bs, 16 f: course, on hy 
reduces-the ‘extent of <di'fifereiices :aneng thesapalicatlens in 
each ‘Of ‘these -twédategdrids; bat dues inet cel belnate:the: 2\ 


diffiicalttys: iFoer | the cper pages sof? the spresent 7s tudy, the “two. 
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Knight Indtéles were wetghted-so0'%as to :form:a singte tEndex. 
75Z°6F the: greater: df the two'Cbus iness ‘orzscténetf to) was: - 
added:to 253 of thé tesSé6n-Of “che 2tvo Kabghcsnambers. (:Thhs | 
was baSéd2upon the tassumptlonthaescin 'générat;aimachtne | 
wodld "be -usad to‘prodegs the most eff kclene type fe acioere 
applieatton .a$2tts primary: purpases*> -Althodgh the «index-lis 
imperfect; ‘it does: provide a means “for iexamtaing thevr + 
quantity of ‘data ‘processing ‘provided “by each ‘system=type. -° 
Whereas its usefulness for making compar! sons! betwéen any? >> 
given pair of machines 1s braktyobiil Ged) bts sasefdl tress 
for the parpése of ‘thi'ststudy, ‘where dsdelk comparisons are><- 
not important In relation to -dats-en the orders of ‘magn btude 
of Brocésstng eee ‘that: ‘Ts! eat ven’ Se che lnctctes, “8 ee... 
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Knight figures: seemqatte : ‘spproprtate a land“@sefurs > uP 
Size classi fidagiog: wases won -etceeesi | ‘of rent, 


power, and other data aval lable on each 2ecdputer systems: ens 
POQcet bes ayigtgnetumss g abt. 
élassifiéacton into! erght “ehed “ebassds was wade: Table: ‘We 9 
eX GS Coen Py Le S38° yaeini Bo rwur op: - 
presents a @undary: “OF i ste vee hastérbet Loser mach has < tn 


ae Sooee 


gach class. 


A Ssgamary of computer characteristles aor ‘each of the 
oy a 4G “ye 2 wet 
119 industries ‘studied fe presented In Table Ach. Table ‘Ae “6 
: St ia ed, Berbers Hos mi ton 
contains: a _ Summary of the relative Importance of ‘each of the 
P3820 8G Shier CEO Sues SW GtGE ete to. B PE eit 


A principal eer eeee: areas. wrehin each Industry. 
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INSTALEATIGN OST DATA @ 30 25 eet 6 Gsytem weds omes 
Public “law 89-306, “the "so-cal le@ ‘Brooks Act, 9°" = >=: 

estab} shed, within: the Federal Govertment; aneo8 co e268.) 


administrative procedure far-maintaknabag .a- consistent 
reperting :mechanism. fer.al}.computertnstatiations.in use by 
Federal gavernmentxagenctes-andidenactmentss “While the. 
primary purpose of this procedure was. to:fachlitate seater. 
sharing and ecenomizing on the part ef:Federal agencies In 
their use of automatic data procesetag ‘equipment, one of the 
by-products of this .pracedure-was a consistently reported. - 
set ef data an the: nature of each. inetabthation.tn the 
government .employs > 65 ay Oe beets 
-Ehe Automatic Data Processing Managenent-Information. 

System pregram was established by.order ef ithe Buneau-of the 
Budget. The system's punposes:are +. 

(a) provide ‘to>the Bureau ef :the Budget,;.the Qenartment of 


Commerce, and ht General Services Administration timely and 

comprehensive etermatlen ctacasghat «these ,agencbes.in the |. 

discharge of thelr Arkegareag eed “under ta Law 89- -306. 
(b) provide asgietancecte ageag y heads: 

administration and management tone ue 

precessing activities soss -— cieet ts. ba 
(c) provide a comprehensive and perpetual inventory of 

electronic data-precessing -equlament;,and OP PR Pie, 
(d) provide Integrated subsystems for Savantory, 

VE) haa e tery sennpeer? s0qSt -and -wequhel thon Ristery. .-. 6... 
eT. ée Pp. 
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The ADP Management Information systems orf tes of the General 
Services Admini stration ts charged with ‘the responsibIti ty 
for collecting ‘and maintaining ‘the data In “the “ADP file. 
The use of this data was made possible by that ‘Office. 

U. Se government use of ‘computers *Fepresents ‘about 12% 
of the computer market In this country, sGeneraly, the | 
systems are obtained from the manufiactuner, either on a 


lease or through outright purchase, at. full .tist price. . 
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Further,. the nature’ of a computer instaiidation ina 
government agencyls quite slailar:to one that might be found 
in-any divd lias: organization.:.:Nenee,: it) appears. to: be quite 
reasonable to draw some general conelusions as tothe nature 
of all installations from this admittedly: biased sample of — 
such facilities: that ts limited te Federal: gavernment — 
operation, ~~ | Mg ee Ee eo UTS EP 


a.  Ancindd vidwad-: record. for: ~ 


each: Instaltation. contains a. complete breakdown: of: all... 
components in the one ov: more! coppater: systess: present at 
the particular site. As a result, it was possible to: ebtain 
a cost distribution of the. various: confi garations. of each: 
type of system installed tn the Federal Government: - 
Generally; the average rent-of ‘ald instenees. of: the same: 
system‘model type.was ‘used. as-a basteifor classifying: 
computer system. types into the eight: sige cdasses (see. - 
above) and for assigning typical configuration rentals: to: . 
that system type. where the: federal’ goverement data: seemed 
to be Inconsistent with the: cost: figares published: in one: of 
the aforementioned reference sources, further study was. 2 >+ 
necessary in order to determine: the: correct: rental: figure: to 
be assigned to a system, The rental..¢igares’ for federal | 
Government computer Instat tations; asvobtained: from: the. .- 
‘Automatic Data Processing: Management: information: System data 
file are presented In Table A-5. Rental Valabbvoresueeds: 


because they seem to be the most consistently reported 
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figure. d7his ‘is. true aven {#: the: computer: system was: - 
purchased by ‘thes: Federal agency: :: Tari actwald- rental: aricey.: 
or Its:equi valent..if: the: system. were. purebesed, is. required: 
in. the report of each: agency's. laste liations: to: the Genere|- 
Services "Administration forsourhesescef the! ADP! file. 
Operating. 6estsi. 4A ardition: to- hardwares cost datay- -. 
the ADP Management Information System file contains: . =s: >" 
breakdown.of operating: costs of: dnste) lations: other. than the 
actual: hardware:reatal (or! equiva lentd: af; the! compyter(s).- - 
present.::: Several: cost categor lesoare: provided for: reporting 
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fringe benef$ts)ee Dishes ° 32 a) Calisyeri meters TS ooee 
(23:5M4 14 tarycBase Pays and: Altowansess{where anplicabied.-> 
(3) Punched: Card Equipment centadsz fi netudes: a} 4. GAM... 
equipment, seuchias key: panshes; isoctetsagsetc.g: thet support- 
thescomputer:system).¢ os o> fssievg aning ese soy beso fs. sce 
2€69>Magneticctzagesvand diskspasks ysedy .sae5 inl 2. 
»(52>Parts. for’ invhousesmaintenance of purchased; EOP: .. 
equipment. ..02 “adiust [2na3boe sanatetay benoltinemstota on3 
(6): Supplies: used: (paper; : cardayse@40.32 “enre above cer 
(7)5@the? operating! expenses aot classified .: es iee. 32 
These: cost: figures. wecezusedcas: thesbas!s:fenatbe modei-.af-: 
dastatiation operatéhe cos4s: ysa. computes-cental.cost$-.cu, 
discussed:earisgers: (gie24  .i <A Bid TORE beongseig a4 «fi 3 
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(1) US S. Bureau’ 6f the Census, “Censas~of Manufactures 
1963," Chapter 1, General Summary; Chapter 2, S{zé * of 
EstabIt shments 


(2) Ux S.- Bureau of the Pensus,- "oncentrailan: 2 katlos’ in 
Manufacturing Industry 1963, Part tt,” report prepared 
far the Subcommittee on Antitrust and Monopoly ef the 

| “Commi tteeon the. 2 SS SR ve CURT Oe SS Oket Senaten. 

(3) U. S. Bureau of the Census, "Annual Survey of ta? 

OONSTGE OF SH bia " General Statistics section and a 
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SIC HhiousTRY. NAME _ > SIZE GROWTH” CONG estha CAP LABOR 
2011 MEAT SLAUGURERING PLANTS i _ 45069 1a try! 1 60 
2013 MEAT PROCESSING PLANTS s 6 2502 1170 16. 29 1 51 
2023 CONDENSED AND EVAPGRATEN MILK = ©. 3 $100 «1972. 45% 2 80 4 24 
g02 ue oe AND FROZEN DESSEQTS 2 BLb2 196, 2 33 > ne 2 38 
FLUID MILK 2) 3 6 JW35 1055 5 25 > 26 I 7 
2032 CANNED PECPALTIES” | “oo 8 9 Bas 1p 6S. Le 3 24 
: RUITS AND VEGETABLES .9 9-7 $216 127" 2h G28 34 
AND VEGETABLES =, 2 $8850 ZL 26 aT 39 
e 3 “PRS 1G Te MG 31 
“RATED BRsousTS sss doo? TH. oe ae 
, CHACKERSS ‘AND sCOOK) ES * 3827 as, 59 31 283 
ONARY PRgO s : pe 7 1gS2 © Qe» | 26 2 41 
a - ry ta “y a 47 0 1 1D bi 3 3 
ais Leto Lim ORS EXDEPY sRANoY | - @ 2332, 1g 73 S$° 353s 89) 218 
NNEDOSOFTOORINNS: = 5 973 123 lee = BT 6 © 45 
NS />NyE. ¢- 2. <4 220 1220.» 26° = 64 b * 31 
Ao & “ig R860, 197"). 8} > 9 2 ° 14 
MILESY COTY ; a 443 tae 3¢ 37 : § ~ 21 
Ss a= COD 1M. 48602688 os ¢ ~ 56 
tte r) Wook, “y V3 6? 1I5:; en 5B 2 be) aes : 3 , 50 
PLiS> FS ae SgzrTy leas ig Ace a oa es 
cepy WOOL: : ste BATH RBS 1G 38 re | 52 
Bie AND rOATS .. $859 PL Zz. Ag 4. 59 
SAND NIGHTHERR cS B3he 1G 2H WL 1 60 
| - 20062 1265> 20.5926 +1 61 
= prs ) on $058 wz. 28 42 12. «56 
9508 104: 8 40 1 58 
2341 GOMEN'S. ANN CHILDREN'S UNDERWEAR. 204 106 15 22 1. 69 
2421 “SAWMILLS AND BLANING MILLS - 339%, 107 ~ 11 Sh 5 - 56 


"8 


os Pao ak y awe. TABLE: A-1 ea it 

: ie eS bus ee oe ny ; 
ered WER oes tin | eg a, (2). (3). CH) 65). 
$C. ¢ AnpusTAY NAME StZe “GROWTH, CONC ESTAB CAP 
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2521 WOOD: FURMA TURE, NOT.HRHOLSTERED 26: 1: 12. 3. 
2512: WOORy FUBNY TURRY > UPHOLSTERED 1S. 2. 
2623. PAPERS MIRASS® EXCKPT2 BUNANI UE, - as ay 12. 
2632: PAPERBOABOO MILES: ¢ | § 27. 9 
26h2: PAPERS COATING? ANO® GLAZING, ; 28. 
2503; BARBY) EXCEPT: TEATIAEY BAGS 23. 38. 
2653; CHERUGATED SHARP NE CONTAINERS 8 18. 0. i 
27115 NEWSMAPERS 5° 5: 1h. 9, 4 
27211 PERIOD IcRAs % 28,0 B 1 
2751; BODES .v RUSLIGHENGOAND PRINTING 94 20; 4 2 
2751; PRA paamane Mates SAV MORBAPH PHIC le. 15; ' 
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Pe? f oced 4 : IZALS, NEC. 2 , . 9. 
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oh, Onpae 0 Fupel NOMPELLULOSIC io Ww 19 
sa MORURIOAL rr 2m; = 13, ba 
2HRI; SRY AN: OFM OFsERs NTS 72, 26. 1. 
2Aney POLIS sO BoAtiON 6000S 30. Uy 3, 
2aeh; Wher 6, ie ak 
2854: PAKNIS NMCIALA lst ADDUCTS 23 =| («3B 2: 
2871 FERTILIZERS 34 12 7 
2899 CHEMICAL PREPARATAONS,..N.E.C. 90 .-48 OB 
2911 PETROLIUM REFINING 32. 4S. 3. 
3011 TIRES AND INNER TUBES ‘71 32 4 
3069 RUBBER PRODUCTS, N.E.C. 22 21 3 
3079 PLASTICS PRODUCTS, N.E.C, 8 39 7 
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INDUSTRY NAME 


SPECIAL INDUSTRY MACHINERY, N.E.C. °° 


PUMPS AND COMPRESSORS 
BALL ANN ROLLER BEARINGS 
POWER TRANSMISSION EQU! PMENT 


GENERAL f"NUSTRY MACHINES, N.E.C. 


REFRIGERATION MACHINERY 

MISC. MACHINERY 

ELECTRIC MEASURING I«STRUMENTS 
TRANSFORMERS 

SWITCHGEAR AND SWI TCHBOARDS 
MOTORS AND GENERATORS 
IMDUSTRIAL CONTROLS 

ELECTRIC HOUSEWARES ANN FANS 
LIGHTING FIXTURES 

RADIO AND TV RECEIVING SETS 


TELEPHONE, TELEGRAPH APPARATUS ~ 


RADIO, TV COMMUNICATIONS EQUI PM 
SEMICONDUCTORS 

ELECTRONIC COMPONENTS, N.E.C. 
ENGIN©G ECECTRICAL EQUIPMENT 
MOTOR VEHICLES ANN PARTS 
AIRCRAFT 

AIRCRAFT ENGINES AND PARTS 
AIRCRAFT EQUIPMENT, N.E.C. 
SHIP BUILDING ANN REPATRING 
RAILROAD AND STREET CARS 
MECHANICAL MEASURING DEVICES 
PHOTOGRAPHIC EQUIPMENT 

GAMES AND TOYS 
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2151 
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448 2 24 5 
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(3) Value of Shipments of four largest firms / Industry. 
ed Yalue, of. Shipments (1966 figures) _ 
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COMPUTER SIZE AND POWER-~DATA 


“Ser PaneR: 


MANU “MODEL CLASS” COMB POWER” 
AST. 210. 2° °° 7679,50— “4869 
AST. | aac | gi 21031" *2e 183 
AS bo 930 oe : RB Bre on 
a & @ eAe 
ast ‘6050. 3. Ne ae a, MAAS 
AS! 6130° eas? NeAn  *OMGAS 
AUT. © REC2 oe 380! 41.36 
AUT..." REC3 2d. 45,15. ... 48.28 
BRA. (230 “a NA, oo" A.A. 
BRA. ,.300 a) NVA. 8.A. 
BRA,’ 330 “0. NoAy. NLA. 
BRA, 380 eo ee NyA. W.A. 
BUR” .220. 5S. 1416558" 810,20 
BUR. -£101 i ae 1,78 68 
BUQ” .£103 ae eg 1.78: ~ 68 
BUR - -£2100 oad ae NA, M.A. 
BUR,“ .B100 ‘2 NA. NLA. 
BUR. .B250 ia ae NLA, . NLA. 
BUR. ~8263 “*2 NA, N.A. 
BUR B270 ys N,AL.,, HLA. 
BUR .- 8280 ae Hes, NLA. 
BUR. 8200 ee WA. 
BUR, 99500 5 502218: "3a ore 
R ~& ; ma NA, - 2A. 
Bug. 88900 .. Oo. . it NLA. 
BUR, 82500 3) 2713 '50° © "22159.00 
BUR. 83500 . “seaeaeea §- ($5484%.00 
BUR 86500 ob 4054389, ay ee iF 27266. 00 
a , Ac CA. 
HON —ADP2 n§ _ .. 619°6F...., 584.40 
HON. .00P224 9 9 3 qn20%" oT 233 .00 
HON’ “DDP116 -2 °° °3562°00°° °*"217§.00 
HON DDP124 °-2 — 7166°5@ 5812.00 
HON ,DDP516 1 vA NLA. 
coc. * G150 1 50.57 57.3% 
coc | *'G20 “-&. 62610,00 37260,00 
coc. ,.160 ee 101,88 119. 
coc. ° 160A 3 1588.75 1014.00 
coc. 1608 a | NLA. R.A. 
coc. 1924 Z NLA. M.A. 
cDc 924A  & NVA, NLA. 
es a 3 4881500 58299 00 
De. A ~*6 NA, oA. 
-epc. °3600 6 383392539 459065. 00 
‘cpc ©3400 ‘5 261698575 269859.00 
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TARLE : A=2:, (CONT INUEB) 


oMANY cMQNEL ““QbASS$~ > COMB= ROWER 3-SC4z POWER = BUS POWER 
GEE e.¥ 0 ANAL i NA. gett NaA. 
S@NPas a, 0 ty Ws A. £ N. A. if NeA. 
.GNP 3 A M.A. : N.A. o NgA. 
.ANP 2 A N. N.A. 3 NA. 
“MON - 3 §§57%525 2148.00: , 7024590 
MOM 4 2h02.50 2356. 001¢55:2752890 
HON: os 27532250 29790. 009° 7223760¢90 
MON 4 5858.25 2770.00 cox 1 682k, G0 
WQS? : 6 927382450  1169600.00 02; $7750q00 
SHON? cae bres Shah hes 6356 .30¢5¢82 182,480 
“HON: e§err sor 8 NAL NsA 
“MQH 6.52290 fase 138086 brie ss 12222.002 24332590 
.4QN 0 ANA. R NAL onE McA. 
. MON 0 2, eRe om N. A. ake i N aA. 
GSRQOHC TS 206: 7668s50ec 2100, 00:: 9526.90 
.HON i" 8212.75 2130.00; 15920907, 00 
.AQM 5 ahiottt 25 &§569, 00: 532270290 
-HON 6 Ne A. S NIA... FOB2 NLA. 
HON 3 ak 5 We As e N.A.« HAE NA. 
“MOM 2 Si M.A. 2 NAgiaee Mae 
SHON: ce 4 ae ¥. A. i NA; * sk NeA. 
eeBM e305 ree 4 27989 2 94.67) ane 96567 
BBM: ee lerece 18813¢50 7942.00 «5 27106200 
“EBM 302360406. 39388 459195235 3$438.00 =; -§0078490 
*pBM: 36050*%5 = 5 177853%.75 187488, 00 468962500 
- 8M 650 .2 4 2 246.0 7110, 8Oc-f us 293,10 
SEB: WBO0Ol:: . 3 2$1%,07 1340,90 <«:2 964,80 
-hBM 14016 . a 2 ALA.07 7380.90 -<<c 967.80 
.bBM = «14610 18.) 5 3896.75 2673.00 <3 “4638500 
SOBMESE1TR4O Cet tk b522625 2412. 00n027 55559400 
1BM = 61460 4.6 5204.75 2611, 086 :% 277200500 
yg 282.89 F Ob ,7Bacuy35 «44520 
6 10885.00 §729,00 4391537500 
35 8948275 19670,00 5:°3785,@0 
— 1843%.75 22420 00 iets 0 
56: 56600200:  67660,00 °° 35420400 
£88 2748275 2734.00 2 25:2087,80 
cPBct SS %ebOe: 3813.00: ; 5055139 QO 
6° 39k08.00 &3990,00 31659,80 
se@oL 20917580c 23090,00-; -430869,00 
6 16878.00 18690 00 21, 20239,60 
227 86380790 927350,00 565479200 
J< 1569008800: 17§900,00 ;»795908,90 
+ TRE a7 186617350 212108,00 : 3ES TAR 60 
“P$ BRS 522710 QeSRE t 2, Me Ae? = NA. pra NA. 


“MANU MONEL CLASS COMB POWER™ 


1BM =s-_ 77480 

18M = 1401H- 
BM 610 - 
-$8M 6400 
2$BM>! 16201° 
1BM-: "162011 
pus: $6020 
-tpMe “1800 ae 
“apm. ©1130 > 
$BM’. 36065- 
13M 3e067 
‘tam. "$6075 - 
-#8mM = =©36090 
£BM 1974 gon 
-9BM = 36044” 
1BM- © 36091°°” 
¥BM » 36025 - 
1BM 36085. - 
TBM 560/s 
MON MON-IX: 
MON MON-XI> 
NOR? 304 | ~ 
“NCR-~ 310 

NER’ 315 

NCR 390 = 
NERS > bK1-22° 
“weR'° 590) 
NcR-- 395 

NER «500 

NER~° -315RMC -. 
NER = CEN100° - 
NCR” CEN200° 
NCR: -€EN® =~ 
RAY - 250 

RAY &4&O 

RAY "520 

-PHF- 1000 
PHY "2Me212" 
“PYF -2000 >- 
PHP - -2M-212° 
“PHES* 43100 - 
REA 301 
‘RCA =. 3301 
RCA»: 501 

RCA 601 


4 


2 
1 
1 
-2 
2) 
"Qe 
“3 
“ye 
°6 
7 
3: 
8 
0 
rm 
“3 
3 
8 
3 
1 
1 
4 
o- 
oh: 
ed. 
a) 
eo 
“i 
a 
h 
2 
3 
2 
4 
3° 
-3~ 
h 
"6 
“6 
6 
o§ 
“he 
5 
he 
5 


TABLE A=2 (CONTIRUED) 


““SCECROWER. “BUS POWER 
ko NAA. N.A. NA. 
814,07 340.90. 9697.80 
ORAS NA 8S ONAL 
NVA. N.A. bute NGA. 
582389 94.79 “°° &kFEZO 
AREAL N. coe WON 
airs +a 1932.00 ©°5hs97 760 
es 7 Pi A; if NLA. ‘ ei te NVA. 

b6566° 216.38 °o2. S8D%6 
r2eiere! 425 1388573.00 ~809738,00 
124161%.25 138$573.00 %$09738.60 
30sdes#i00: 356685400 “263780600 
: ats - ; SAW GSH a Be 
Ne NA. NLA. 
9803508 1028941. 00 958520,00 
ae uaAy oAn SS & MUA. 
oe NeAS N.A. + MUA. 

A N.A. N.A. NLA. 

“ NA. N.A. NLA. 
5.0.12 46 1.33 

= .§,93 ee ee 16, 30 
2817275 1136.00 “2445200 
“108.68: "119.3008. 48563 
9447, 60° $408 .00° 11460200 
1.853 : 2.0302055 1683 

2 NA, : NA. NDA. 
19439 -  &.29 sie) 2¥E76 
NGA, - Avi ive. NRA. 

* MEAS NA.) 5 NGA. 
8263500 336k. 00 ©~--:9896%00 
ANAL a CL 
"WEA. NAL Oo NiA. 
NAL: 8 oAs NTA. 
(52522 62.23 22521 
WAS NLA. “NGA. 
2$295.28 29118,00 ~.--13427200 
9532-75 6811.00 “110640500 
298407, $0 369800.00 ©: 584236500 
O1 WARE 2 NAL 8°" NGA. 
93318,00: 105844,00 °--55748:00 
> 2 WE AGS GNA, PE NA. 
"872500: 3323.00 © 29% 1055560 
109660. 50. 126761,00 *°°58359500 
TS67, 685 | "638.70: “E1877 200 
66237 50 68690.00 °° §8880.00 


MODEL 


7015 
7025 


93. 


TABLE A-2 (CONTINUED) 


CLASS 


WEUAAMDANH YON ANH AUWUNASWE MUU BUD WUE WUD WO WE ULE Ui l 


COMB POWER 


12898.75 
28479.00 
270979, 25 
tts 50 
110089. 75 


stat 30 


139614. 75 
17090.00 
19,41 
17763.25 


907, 43 


14905 .50 
N.A. 
49090,00 
NA. 
1468290. 00 
N.A. 
NLA. 
N.A. 


SCI“ POWER 
1837.00 


818,00 
212610.00 
1363132 ,00 


61186.00 


igie0: + Gre 


692,00 


s9gs66.00° '§ 
118152.00 
NAc! 


“140,10 
i155. 00 


NA. 
22720.00 
N.A. 
N.A., 
58767 ,00 
17770,00 
1.79 
12028 ,00 


1, 3 


1592.00 
&350,00 

N. A. 
&9290,00 
NA, 
1291740 ,00 
NA. 

N.A. 

NLA. 


i 


BUS POWER 


16586,00 
$6366.00 
“290893. “60 


-£224010,00 


126391, 60 


4280.00 


“101079. 90 


166564.00 
15050,00 
25.29 
19675,00 


1842400 
NA. 
48490,00 


N.A. 
1527140.00 


HSE 609 


94 


TABLE A=2 (CONTINUED) 


MANU MQDEL CLASS COMB.POWER SCI.PQWER BUS POWER 


EA! 8400 ly NsA. ~ NA. 
EA! 640 A NiAs. - NA, 
EAI 8800 0 NoAe- NGA, 
SEL 810 3 NoAs ONGAS 
COL 84&01A 0 _ NLA, 2 NLA, 
osc 1000 0 N.A. N.A. 
FOX. . 97400 ma’) . NeAgi- N.A. 
SCE 670 2) Mee N.A. 
WES. PROSO. =| 0 NAG NoAS: 
WES. ° PROSIO. —_ 0 ot . Ne Ae: 
SYL-. 9400 .-- 55 5927900 62510.00 
0 > Nels - NA. 


~ 5 Nate 
&9550,90 


NA. 
N.A. 
NeA. 
NA. 
NoA. 
N 6 A. 
NA. 
NA. 
N«A. 
NoA. 
NA. 
NoA. 
NoA. 
NA. 
Nea. 


NA. 
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TARLE A=3 
COMPUTER SIZE CLASS DEFINITIONS 


CLASS RENTAL RANGE MEAN RENT 


0 <2000 1381 

2000 <5000 3270 
5000 <10000 7386 
10000 <20000 13201 
20000 <40000 28751 
40000 <70000 52213 
70000 <100000 86287 
100000 & over 227367 


CON MUSE WH He 


Rental figures are monthly 


TABLE A-4: CHARACTERISTICS OF COMPUTERS BY INDUSTRY 


INDUSTRY NAME 


MEAT SLAUGHTERING PLANTS 

MEAT PROCESSING PLANTS 
CONDENSEN AND EVAPORATED MILK 
ICE CREAM AND Po OZEN DESSERTS 
Fiso MILK 

CANNED SPErIALTIES 

CANNED FRUITS AND VEGETABLES 
FROZEN FRUITS AND VEGETABLES 
FLOUR MILLS 

PREPARED ANIMAL FEEDS 
BREAD AND RELATEN PROOUCTS 
BISCUITS, CRACKERS, AND COOKIES 
CONFErTin NARY PRODUCTS 

MALT LIQUOR 

DISTILLED LIQUOR, EXCEPT BRANOY 
BOTTLED AND CANNED SOFT DRINKS 
FOOD PREPARATIONS, N.E.C. 
CrGARETTES 

WEAVING MILLS, COTTON 

WEAVING MILLS, SYNTHETIC “a 
WEAVING, FINISHING MILLS, WOOL, 
KNIT OUTERWEAR MILLS — 

YARN MILLS, EXCEPT WOOL 

MEN'S AND 89YS' SUITS AND COATS 


MEN'S ORESS SHIRTS AND NIGHTWEAR 


SEPARATE TROUSERS 
WORK CLOTHING 
DRESSES 


WOMEN'S AND CHILDREN'S UNDERWEAR 


SAWMILLS AND PLANING MILLS 


(1) 
NO.COMP., 


(2) (3) 

AVGRNT AVGEXP 
88 325 
55 237 
98 334 
31 304 
67 264 
120 800 
103 353 
83 319 
114 357 
65 “25h 
59 236 
109 362 
rh) ‘276. 
LO5 361 
17 385: 
37 “169 
9S ‘BRS 
$8 332 
124 396 
“86 311 
105 339 
88 318 
97 340 
90 332 
96 345 
80 310 
58 24y 
85 306 
79 308 
111 349 


(4) 
AVGPOW 


9021 
8755 
15088 
8272 
5770 
45608 
12517 
10359 
43336 
11068 
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TABLE An& (CONTINUED) 


Mee, : (1) (2). (3). Ch) 
SIC ae oon - DNDUSTRY NAME NO.COMP, AVGRNT AVGEXP AVCPOW 
2431 MILLWORK: UANTS: Lafiiee 17 50 218 5101 
2kh32 VENEER AND. PLYWOOD PLANTS . 17 71 265 10814 
2521 WOND FURNITURE, NOT. UPHOLSTERED 32 76 298 8342 
2912 WOND ‘FURNITURE, UPHOUSTERED 21 93 330 10976 
2621 “RAPER MILLS: EXCEPT BUILDING 134 110 373 «27222 
2631 ‘PAPERBOARD: MILLS © veo a: 18 62 251 6137 
2664 RATER COATING AND: GLAZING 33 119 394 4 8=6.18975 
2643 ‘BAGS, (EXCEPT. TEXTPLE: BAGS: 11 108 379 51029 
2653 {CORRUGATED feted hiopseard CONTRA NERS 10 $7 230 4537 
a7ta NBMSIPAPBRS. bs 207 60 227 7257 
2721 PEAPODACALS ~ 104 159 478 72816 . 
2731 «BOOKS ¢ PUBLISHINA AND PRINTING 126 123 397 =. 3.2934 : 
2761 (PRINTANG § EXOEPT LIU BKORRA PHIC 92 7h 28h 20874 eo 4 
2752 PRENTANG UETHOGRARHIC foc Be: 2 222 3837 : 
2RA5 -ANTERMEDEATO WAL’ TAR: ‘RRODUCTS 26 101 37) = 2745 ‘ 
2RI8 “AQRDANIC) CHEMICALS, NJEVOU 1G 120 10:7 354 76520 a 
E19 “CKNORBA NEKO CHEMICALS; 2 WUELC. 13h  -4£32 395 48652 
@R21 -PUASTOS (MATERIALS AND RESINS Bk Lik 375 #2788 
2B2% (ORGANSC):F MEERG,: NONCELLULOSIC a3 Q7 335 11094 
32B3h PHARM ACHUT NOAL UFREPARATIONS | 105 Fa 381 26107 
WBN1 “SORP. AND OTHER ‘DETERGENTS (6 © 28 10 357 «5.2231 
MBK2 \ROCAGHES ANDD/SANEI TATION GOODS 20 92 3a5 . B91 
280% CIOLUET PRERARATIONS 7 152 BB 27582 
"2ES1 “AAEMTS: AND’ MEEFED PRODUCTS ‘67 978 ‘288 Txa836 
S71 FEREPLEZERS oa uS: 42 216 389 46801 
2899 CHEMICAL PREPARATIONS, NAE.C. 33 79 290 13574 
7911 PETROLIUM RERKINING | ees i) 953 °aS5 ~~ 94760 
3011 TIRES AND INNER TUBES "109 120 393 46826 
3069 RUBBER PRODUCTS, N.E.C. 52 80 305 108461 


3079 PLASTICS PRODUCTS, N.E.C. «58 76 280 9246 


TARLE A=4 (CONTINUED) 


noe as 


_AanousTRY NAME 


SHES,’ EXCEPT RUBBER 

GLASS CONTAINERS i... 

CEMENT, HYDRAULIC 

ABRASIVE: PRODUMAS. . Pg 
BLAST FURNADES: AND STEEL MILLS 
STEEL PEPE. AND TUBE ©... 

GRAY? APRON. ROUNDR PES” 

STEEL? ROUNDREBS: - 

CORPERW ‘ROL LNB) ‘AND DRAWENG. 
ALUMS NUM ‘ROLLIENG CANN: DRAWING 
ROLLZENG. (AND: DRAWING, CN JESGyiC) ” 
NONFERROU'S WIRE DRAWING, ETC. 
PRON: JANOS REAL: FORGLNGS: BY AH Ey 
METAL CANG 25} YD BEEK abc 
HARDMARE,, | INE. ce 

HEATING AQUIPMENT, EXCEPT prec ene 
FABRICATED STRUG-TURAL STEEL 
METAL ODOR, SASH) iAND ‘TRoM 
BOWLER SHOP PRODUCTS oti 
BOMLTS; (NUTS j/ IRTVETS AND WASHERS 
MBEAL SMAMPINGS' OS Go rb we 
PABRA CATED MEEAL (RRODUCTS:; (N.E.C. 
VARNES ANN SOME RUT INGS OSE 
INTERNA Cs COMBUST.DON LEANGILNE S 
FARM ‘MACH ENEBRM ZAND EQUIPMENT 
CONSTRUCTION MACHINERY 
METAL=CUTTI NG (MACHENE: YINOLS 
SPECIAL DIES AND TOOLS 

MACHINE TOOLS AND AFCESSORIFS 


METALWORKING MACHINERY, N.E.C, | 


rey Q 


Cys 
NO.COMP, 


(2). (3) - 
AVGRNYT: AVGFXP 
102° 355: 
141 K36° 
58° 238: 
99 333. 
131: 16: 
63 256. 
gr 31h: 
g3 331. 
03 293: 
Lil 36% 
102 36:2 
103. 360 
60° 248 
105: 36% 
93: 31 
85 312 
57. 235 
167. 26:2: 
g2 eT 
Qu 331 
To 295: 
115: 379 
144 tbl 
126: 334 
112 383 
102 356 
“62 254 
82 296 
89 312 


(4) 
AVGPOW 


16369 
45634 
B8sy 
24146 
6436: 
1S? 7h 


8&6 


grep St ee 


SIc 


3559 
3561 
3562 
3566 
3569 
3585 
3599 
3611 
3612 
3613 
3621 
3622 
3634 
3642 
3651 
3661 
3662 
3674 
3679 
369% 
3717 
3721 
3722 
3729 
3731 
3742 
3821 
3861 
3961 


TABLE A-4& (CONTINUED) 


INDUSTRY NAME 


SPECIAL INDUSTRY MACHINERY, N.E.C. 
PUMPS ANN COMPRESSORS 

BALL AND ROLLER BEARINGS 

POWER TRANSMISSION EQUIPMENT 
GENFRAL INDUSTRY MACHINES, N.E.C. 
REFRIGERATION MACHINERY 

MISC. MACHINERY 

ELECTRIC MEASURING INSTRUMENTS 
TRANS FORMERS 

SWITCHGEAR AND SWI TCHBOARDS 
MOTORS AND GENERATORS 

INDUSTRIAL CONTROLS 

ELErTRIC HOUSEWARES AND FANS 
LIGHTING FIXTURES 

RADIO AND TV RECEIVING SETS 
TELEPHONE, TELEGRAPH APPARATUS 
RADIO, TV COMMUN?r CATIONS EQUIPMENT 
SEMI Mm NOUCTORS 

ELECTRONIC COMPONENTS, N.E.C. 
ENGINE ELECTRICAL EQUIPMENT 
MOTOR VEHICLES AND PARTS 
AIRCRAFT 

AIRCRAFT ENGINES AND PARTS 
AIRCRAFT EQUIPMENT, N.E.C. 

SHIP BUILDINe AND REPAIRING 
RAILROAD AND STREET CARS 
MECHANICAL MEASURING DEVICES 
PHOTOGRAPHIC EQUIPMENT 

GAMES AND TOYS 


(1) (2) > (3) (4) 
NO.COMP, AVGRNT AVGEXP AVGPOW 
bl 96 337 23472 
32. 103 361 24504 
gS. 85 317. 31260 
51. 102 342 35197 
43 272 556 335691 
RS 95 331... 26051 
23 87 $18 =11102 
111. 96 29° 16755 
80. 109 346 951864 
hl 110 369 - 19160 
141 131 412. 37088 
82 14 41° 43468 
3 149 448 28998 
is 160 353. 11011 
97, 138 439 96411 
i> 159 138 27 «47464 
224. 155 436 136262 
73, . $03 46231 
158 145 WO3 85634 
is 1 372 148463 
43-134 4i 51229 
z 455: 3 2 652 269132 
> 206. > 182 515 92040 
127, 231 556 172381 
28: 68 270 8=©27049 
45 &0 270 10812 
54 87 317 = 14718 
67 138 41358821 
30 302 10335 


"66 


BS epi dat i gg aoe, 


aks 


(4) 


TABLF A-& (CONTINUED) 


EXPLANATION OF COLUMNS 


Number of computers in operatton within this fndustry. 
Average rent of comnuters in ftndustry 


Averase total expenses of computer Installations in this 
industry (based upon Federal Government experience) 


Average power of computers fn industry (based upon 
Knight's power Itndecies) 
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TABLE A-S 
FEDERAL GOVERNMENT COMPUTER RENTAL DATA 


COMPUTER —S_NO. RENT IN DOELARS 
MANUF MODEL ~~ fNST MIN MEAN = MAX 
ASt 210 3 119% +2512 4175 
AS! =. 2100 2 3200 5232 = 7264 
AS! = 6020 2 5410 6548 - 7687 
AS! = 6050 3 6384 7006 «8028 
AS! 6130 1 6855 6855 6855 
- AUT ~=- REC2 18 1 869 2495 
BRA 130 1 3129 3129 3229 
BRA 133 4 196 2974 4500 
BRA 340 1 9422 9422 9422 
BUR B250 2 4380 4380 4380 
BUR 82500 1 8910 8916 8910 
BUR 8263 101 1220 2879 3700 
BUR  B280 2 3833 38590 3.835 
BUR 8283 6 6135 7438 10895 
BUR 8300 2 4168 5522 ©6875 
BUR 83500 77 4139 4543 35280 
BUR 85500 9 19817 37387 84063 
BUR £101 3 935 1265 1635 
BUR 220 1 28220 tie 28220 
coc G1SD 30 “280 1533 = 2621 
coc = LG P22 “3 740 885 1080 
coc} 8=— LG P30 ‘di 350 1592 - 5080 
CnC 160 54° =: 1600 7777) = 37123 
coc 160A 82 1502 9126 76709 
cor =: 1606 “32 6025  “420%2 19950 
coc 416068 «= —«sia23s 3829) «55848 =| 5K590 
coc §=.:11700 ne! 2070 °$195 «= 40322 
coc =. 3190 29 R125 22 cH 1302 
coc §8=—. 3200 23 6340 (16389 32395 
cnc 3300 “18 13800 By 50780 
cor 3400 “L «- 28350 «28358 =. 28350 
coc 3600 13. 15600 «657468 104292 
cor 3800 1% 16200 52970 77710 
coc} §=—.- & 000 3 1865 238: “3150 
coc = 4010 1 2530 age 2530 
coc =. 6 400 7 38700 61221 81655 
coc 6600 27. 62950 111888 328505 
coc 89 8041 1 2955 2955 (2955 
coc 8090 37 1650 & GE 15900 
coc =. 80928 5 3915 K207 = B35 
coc 8890 2 §230 $9272 «6615 
coc 36924" 14 4352 18 24186 
coe 869244 3 10262 16792 23015 
DEQ LINCS 5 160 1272-3954 


102 


TABLE A-S (CONTINUED) 9... 


COMPUTER 
MANUF MODEL 
DEQ PpPAO 
DEQ PDP 
DEQ POPS 
DEQ PDPG 
DEQ PDP? 
DEQ PBP8 
DEQ  PDP8S 
DEQ PbPI 
EAI 8400 
ELT ALW3 
FRE 6010 
GEL 030. 
GEL PACKO2 
GEL 125 
GEL 205 
GEL 215 
GEL 225 
GEL 235 
GEL 4&12- 
GEL 4S 
GEL = -&25 
GEL 4&35 
GEL 625 
GEL 635. 
HON 06P116 
HON O0P19 
HON B0P124 
HON DOP224 
HON 66026 
HON DDPKI6 
HON BDP516 
HON H620- 
HON H632 
HON =.120- 
HON 1209 
“HON =—-1800 
HQN: 200. 
HON 2200 
HON =409. 
HON 610. 
HON 800. 
BM =: 1230. 
‘Lee {401 
18M 1410 
-1BM 1440 


NO. 


1 


ION WI oD 


~ 


a 


ee aCe «eee pein. wa. ele 
HD NUTR WO WOW HH NOU PINE HY OU Ot EU eon BU & OF 


p00 


ree ee 


are. | 


ee ae re vee 


INST 


MIN MEAN 
12650 12650 
1750 2823 
~ 400 1134 
2492 3871 
1240 2767 
“142 (432 
-199 “261 
1024 1897 
9088 9088 
-110 1855 
621 1190 
6913 6913 
35270 37457 
3005 43725 
2625-3 haS 
3163 4805 
1835 3858 
11258 26597 
4904 Att 
9740 12929 
9is0 17338 
22645 geaa3 
43850 43850 
32733 73358 
243 2395 
Ao 4726 
2750 4237 
§500 9723 
1809 616 
“378 48 
478 1 7K7 
$400 5400 
6000 ado 
2360 4922 
2305 1037: 
39850 44792 
2300 7541 
11190 18} 
4785 rit: 
G060 tt: 
13033 20915 
. 270 1656 
1136 7 7 
9600 26175 
2750 SH38 


RENT IN. DOLLARS 
MAX 


12650 
“4732 
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TABLE A-5 (CONTINUED ) 


COMPUTER 
MANUF MODEL 
18M =: 1860 
184-1500 

“3BM =: 1620" 
18M 1710 
1BM ©1800. 
1BM 305 

18M 36020 
41BM =: 36030 
1BM = 36040 
1BM 36044 
78M «© 35050 
18M «=: 36065 
18M 36067 
1BM 36075 
18M 36091 
18M 36095 
1BM 610- 
18M 6400 
1BM = 650° 
1BM = 7010 
1BM =—- 7030 
18M = 704. 
1BM = 70480 
1BM 7084 
18M = 705. 
1BM 7070 
1BM = 7074 
18M 7080 
18M = - 7090 
1BM = - 7098 
18M = 7091 1 
1BM = 7740 
1BM =: 9020 
‘INE = 4900 
{TT — ADX73 
NCR | (304: 
NCR 315 
‘NER = -390 
NCR 500° 

pp$ 1020 

PH =: 1000: 
PH! ©2000. 

RAY. 250 
RAY 440 


~ NO, 
INST 


13 


NF *— Ut bE Ut OT FS Ot ps PO PD 


RENT EN: DOLLARS 

MIN =MBAN > > > MAX 
7140 11920 19271 
12248 19821 27395 
1164 3828 +6891 
16158 16358 16158 
4220 4918 11020 
4012 &912 “2012 
2617 =. 28260 5 7576 
3990 12127 28225 
8068 23404 51337 
5666 10678 20169 
16165 37568 95842 
13905 ©$8219 161266 
57405 98931 171303 
63696 106248 143028 
120395 150300 171206 
138236 141683 186651 
1150 1150 -1250 
730 931 1054 
4450 =8h50 = -& B50 
30523 45657 77036 
118075 182950 177206 
10674 20363 38272 
12259 37532 68924 
33750 62534 129389 
22800 32502 45100 
18220 28679 39139 
25120 4&7&27 109576 
49548 77287 140554 
43561 76686 103309 
35967 76982 122284 
51704 84376 116935 
6733 11096 16137 
11779 26201 &8586 
700 “700 = 700 
“493 = §2086 ©=6106133 
15390 :16778 18708 
7225-10207 17965 
“$34 1765 2062 
1015 ©1533 ©1920 
“450 +601 =. 900 
$100 16759 26598 
23970 52773 89928 
“860 2035 1766 
5228 5783 6259 
5228 S783 °8259 
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TABLE A@=5 (CONTINUED) 


COMPUTER 
MANUF MODEL 
RAY 520 
RCA 301. 
RCA 3301 
RCA 4101 
RCA 501 
RCA 7025 

“RCA 7035 
RCA 7045 
$cc 659. 
scr 660 
$dS S16GMA2 
SDS. SIGMAS 
SDS S1GMA7 
SOS 910°. 
SDS 92 
SDS $20 
sos 925. 
SPS 930 
SDS 9300 
“$DS 9&9 
SEL 810. 
SEL 810A 
SEL 8108 
SEL. 880° 
SEL 840A 

* SEL 8&0MP 

~ UNI FCI 
UNT tt 

UNI tet. 
UNI M460 
UN? $$80 
UNI $890 
UNI 1004 
UNT 100411 
UNt 1605 
UNI lOO531 
UNI 1005IV 
UNI 1050 
UNI 1050A 

UNI 10501 | 
UNT 1105 
UNT 1107 
UNI 1108 
UNI 1218 
UNI 1219 


NO. 


INST 


5 


(106 


25 


wo NN 
Ormeur 


UP OKUN NEMO HN OWN SUN UU UW 


-RENT 


MIN 


2191 
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“$21 
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1800 
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1605 
9655 
28009 
640 
1350 
1335 
1232 
&S84 


lk 
23770 
15174 
19520 
9032 
_.. $750 
6865 
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1055 
1297 
2993 
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1950 
$052 
6400 
48060 
56395 
18100 
1606 
3720 


IN. DOLLARS 
MEAN . - MAX 
e900 8154 
10887 25065 
28648 46562 
&000 «8000 
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11325 18558 
19691 22991 
.» §38 ~ 950 
$2234 «2828 
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$796 20030 
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6235 13359 
- $563 11660 
5309 8673 
$255 20600 
13433 18233 
28009 28009 
6380 8020 
1707 2065 
1657 1980 
1863 3390 
4750 » 4916 
1 1 
24380 25&26 
15178 15174 
22231 26225 
9932 9032 
12647 26320 
7032 -7200 
2380 4772 
2836 385 
1952 452 
3024 3055 
2030 -2085 
9134 16000 
5052 5052 
8398 10135 
48060 480660 
68640 74603 
47889 218791 
4680 § 11352 
12599 28360 
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COMPUTER NO. 
MANUF MODEL INST 
UNI 1230 7 
UNt 1500 1 

UNE = 418 30 

UN = 490 og 
UNE 492 1 
UNT 494 17 
UNI 642A 6. 
UNI 6428 7 
UNI 667 1 
UNT 818 1 
UN] 885 °° 3 
UNI 9200 2 
UNI 9300 17 
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44 249. 
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7166 
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TABLE A-6 


COMPUTER APPLICATIONS BY INDUSTRY 
(PERCENT tN EACH CATEGORY) 


INDUSTRY NAME 


MEAT SLAUGHTERING PLANTS 
MEAT PROCESSING PLANTS 
CONDENSED AND EVAPORATED MILK 
ICE CREAM AND FROZEN DESSERTS 
FLUID MILK 

CANNED SPECIALTIES 

CANNED FRUITS AND VEGETABLES 
FROZEN FRUITS AND VEGETABLES 
FLOUR MILLS 

PREPARED ANIMAL FEEDS 

BREAD AND RELATED PRODUCTS 


BISCUITS, CRACKERS, AND COOKIES 


CONFECTIONARY PRODUCTS 

MALT LIQUOR 

DISTILLED LIQUOR, EXCEPT BRANDY 
BOTTLED AND CANNED SOFT DRINKS 
FOOD PREPARATIONS, N.E.C. 


CIGARETTES 


WEAVING MILLS, COTTON 

WEAVING MILLS, SYNTHETIC 
WEAVING, FINISHING MILLS, WOOL 
KNIT OUTERWEAR MILLS 

YARN MILLS, EXCEPT WOOL 

MEN'S AND BOYS’ SUITS AND COATS 
MEN'S DRESS SHIRTS AND NIGHTWEAR 
SEPARATE TROUSERS 

WORK CLOTHING 

DRESSES 

WOMEN'S AND CHILDREN'S UNDERWEAR 
SAWMILLS AND PLANING MILLS 
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TASLE A-S (CONTINUCS) 


(1) (2) APPLICATIONS 


SIC ENDUSTRY NAME NCOMP NAPP BUST ANAL. PROC : 
2431 MILLWORK PLANTS — ve 17 15 86 0 13 
2432 VENEER AND ‘PLYWOOD. PLANTS” 17 10 100 0 0 
1 woo FURNITURE, NOT UPHOLSTERED 32. 26 88 Q- 11 
WOOD’ FURNI TURE, UPHOLSTERED 21. 16 87 0 12 
PaPERDOA Bhs: EXCEPT BUILDING © 134 102 82: 2 1h 
PAPE pA DO MILLS) i 18 17 76. 0. 23: 
APER COATING AND, GRAZING. 33 26 57 34 7 
GS, BXCEPT TEXTILE 8 11 6 100 0 0 
: rates SHINS CONTAINERS 10 9 88 0 4 
nae 207 «176 60 1 38 
of is 104 81 67 0 32 
ISHING AND PRINTING 126 90 87 3. 8 - 
7 EXC (ae ‘LETHOGRAPHIC 72 5881 1 617 2 
Ag HOGRAPH! ¢ 18 17 94 0 5. 
¢ AL “TAR | PRODUCTS 26 «= «18 72 1X6 
CALS; WiELC. 13% 76 75 25 oO 
ALS AND RESINS Sa 58 89 10 0 
$s, CELLULOSIC 3: 10 70 30 0 
| s SPARATIONS 105 73 83 15 3 | 
Eh AP AND OTT ERGENTS 18) (th 95 0 ly 
842 POLISHES AN TATION GOODS 20 «1709 0 35 
4’ Beings “an PAAR s 71 $8 100 0 0 
PE PAL S “ANO “ALE ED. PRODUCTS 67 53 88 - 7 3 
2871 FERTILIZERS” © 12 10 90 10 0. 
2899 CHEMICAL PREPARATIONS, N.E.C. 33 22 72 18 9 
2911 PETROLIUM REFINING 929 ‘6H CSC G7 29 3 
3011 TIRES AND INNER TUBES 109 $1 88k 6 
3069 RUBBER PRODUCTS, N.E.C. 52 38 89 0 10 
3079 PLASTICS PRODUCTS, N.E.C. 53 49 87 2 10 


TABLE Aw~S (CONTINUED) 


INDUSTRY NAME 


SHOES, EXCEPT RUBBER 

GLASS CONTAINERS 

CEMENT, HYDRAULIC 

ABRASIVE PRODUCTS 

BLAST FURNACES AND STEEL MILLS 
STEEL PIPE AND. TUBE 

oe 4RON oes | 


PER ROLLING AND DRAWING 
ALUN ROLLING ue DRAWING 

“tN - DRAW y N.E. C. 
QUS WIRE "DRAWINGS. ETC. 
ite FORGINGS 
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bet ae wee 
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\LVES ‘A fh iE FETTERGS © 
“INTERNAL C Gaus THON ENGINES 
FARM MACHTNERY AND EQUIPMENT 
CONSTRUCTION MACHINERY 
‘METAL-CUTTING MACHINE TOOLS 
SPECIAL DIES AND TOOLS 

MACHINE TOOLS AND ACCESSORIES 
METALWORKING MACHINERY, N.E.C. 
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sic 


3559 
3561 
3562 
3566 
3569 
3585 
3599 
3611 
3612 
3613 
3621 
3622 
3634 
3642 
3651 
3661 
3662 
367% 
3679 
369% 

‘3717 
3721 
3722 
3729 
3731 
3742 
3821 
3861 
3941 


TABLE A-G (CONTINUED > 


INDUSTRY NAME 


SPECIAL INDUSTRY MACHINERY, N.E.C. 
PUMPS AND COMPRESSORS 

BALL AND ROLLER BEARINGS 

POWER TRANSMISSION EQUIPMENT 
GENERAL INDUSTRY MACHINES, N.E.C. 
REFRIGERATION MACHINERY 

MISC. MACHINERY 

ELECTRIC MEASURING INSTRUMENTS 
TRANSFORMERS 

SWITCHGEAR AND SWI TCHBOARDS 
MOTORS AND GENERATORS | 

INDUSTRIAL CONTROLS | 

ELECTRIC HOUSEWARES AND FANS 
LIGHTING FIXTURES 

RADIO AND TV RECEIVING SETS 
TELEPHONE, TELEGRAPH APPARATUS 
RADIO, TV COMMUNICATIONS EQUIPMENT 
SEMICONDUCTORS | 

ELECTRONIC COMPONENTS, N.E.C. 
ENGINE ELECTRICAL EQUIPMENT 


MOTOR VEHICLES AND PARTS 


ATRCRAFT 

AIRCRAFT ENGINES AND PARTS 
AIRCRAFT EQUIPMENT, N.E.C. 
SHIP BUILOING AND REPAIRING 
RAILROAD AND STREET CARS 
MECHANICAL MEASURING DEVICES 
PHOTOGRAPHIC EQUIPMENT 
GAMES AND TOYS 
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TABLE A-6 (CCONTINUED) 
EXPLANATION OF COLUMNS 


(1) NCOMP - Number of computers in industry 


(2) NAPP - Number of computers in industry that reported 
principal application area 
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